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AMTACT

Nucleate pool boiling heat transfer is an integral part

of any vapor-compression refrigeration cycle. With a view to

improving overall cycle efficiency, the heat transfer

performance in the evaporator can be improved by using

enhanced boiling surfaces. This thesis looks at the pool

boiling characteristics of R-114 (presently used in large

shipboard AC systems) from 10 enhanced single copper tubes and

compares performance with a smooth copper tube. Since small

amounts of oil escape into the refrigerant as it passes

through the compressor of a refrigeration system, tests have

also been conducted with up to 10% (by weight) of a miscible

oil to see what effect this may have on overall evaporator

performance.
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I. INTRODUCTION

A. BACKGROUND

The United States Navy currently uses R-114 in

approximately 950 centrifugal chilled-water air-conditioning

plants. Ongoing efforts to reduce the cost and increase the

efficiency of these plants have been directed towards the use

of enhanced heat-transfer tube surfaces and alternative

refrigerants. The choice of alternative refrigerant must be

"ozone friendly." A possible "drop in" replacement for R-114

has been identified: R-124. Studies of the boiling performance

of R-124 would be complemented well by a baseline of data on

R-114.

B. ADVANTAGES OF USING R-114

The use of R-114 in Naval applications has Leen driven by

concerns for both cost and safety. R-114 operates under

moderate pressures and has one of the lowest toxicity ratings

among all refrigerants. System components are significantly

smaller and more lightweight which is desirable for shipboard

use and maintenance. While R-11 is widely used in industry,

its operating requirements make it unsuitable onboard ship. R-

11 operates under vacuum and has a tendency to absorb ambient

moisture. This acidic combination of R-11 and moisture attacks

tubes and causes corrosion. R-114 is considerably stable to



heat and may be used with all standard ferrous and non-ferrous

metals except zinc, magnesium and aluminum alloys containing

appreciable amounts of zinc and magnesium. The thermophysical

properties of R-114 are provided in Appendix A.

C. ThESIS OBJECTIVES

Safety requirements for future studies of R-124

necessitated the disassembly and relocation of the single-tube

apparatus described in this thesis. Past studies using the

apparatus have varied considerably in operating procedure,

thus it became desirable to establish a consistent operating

procedure in the acquisition of all data on R-114. With the

foregoing discussion in mind, the objectives of this thesis

were to:

1. Relocate and calibrate the single tube apparatus.

2. Operate the apparatus to produce repeatable data and
confirm earlier results.

3. Obtain boiling data for R-114 and R-114/oil mixtures on
ten tube surfaces to be used as a database for future
studies on enhanced surfaces and alternative "ozone
safe" refrigerants.

2



II. REVIEW OF REFRIGERANT AND REFRIGERANT/OIL POOL
BOILING BEHAVIOR

A. NUCLEATE POOL BOILING PERFORMANCE OF PURE R-114

The heat-transfer performance of pure R-114 on a smooth

tube in the natural convection region of its boiling curve can

be reasonably predicted using well known correlations,

Churchill and Chu [Ref. 1] and more recently Churchill and

Usagi [Ref. 2]. A lack of complete understanding of the

nucleate boiling mechanism makes it more difficult the to

predict the performance in the nucleate boiling region. Well

known correlations, such as that by Rohsenow [Ref. 2], and

more recently, Stephan-Adelsalam [Ref. 3] are approximate and

should be compared with experimental data whenever possible.

Many pool-boiling experiments have been carried out on

finned tubes (typically 19 to 40 fpi) in pure refrigerants.

For various refrigerants, tube material, fin density and

system pressure, typical enhancements in the heat transfer

coefficient (over smooth tubes values) of up to 3 have been

reported, the refrigerants with better wetting characteristics

giving the greater enhancement. Interestingly enough, the

boiling performance of finned tubes becomes very similar to

that of smooth tubes, if the heat flux is recalculated on the

basis of total outside wetted surface area (rather than root

diameter, which is commonly used).

3



Re-entrant cavity surfaces differ from finned surfaces in

that they provide a higher density of stable nucleation sites

with minimum wall superheat (Yilmaz and Westwater [Ref. 4]

Carnavos [Ref. 51, Marto and Lepere (Ref. 61 and Wanniarachchi

et al. [Refs. 7, 8]). Significant improvements in heat

transfer over both finned and smooth tubes have been shown for

re-entrant cavity surfaces.

Boiling enhancements were as large as 14.6 and 6.4 for

High Flux and Turbo-B tubes, respectively, compared to smooth

tube data.

Webb [Ref. 9] stated that the key to the high performance

of the re-entrant surfaces can be attributed to three factors:

(1) re-entrant cavity within a critical size range, (2)

interconnected cavities, and (3) nucleation sites of a re-

entrant shape. If the cavities are interconnected, adjacent

cavities can activate each other. Re-entrant cavities provide

a stable vapor trap, which can remain active at low values of

superheat.

During nucleate boiling of R-114 at one atmosphere,

Wanniarachchi et al. [Refs. 7 and 8] reported data for four

enhanced tubes: a porous coated High Flux, Thermoexcel-E,

Thermoexcel-HE and a 26 fpi GEWA-T. Enhancements of 9.1, 8.2,

6,8 and 4.4 respectively were obtained at a heat flux of 30

kW/m2. The enhancement provided by the High Flux tube reduced

to 6 at higher fluxes of about 100 kW/m2, but it still

outperformed the other three tubes. At heat fluxes below 18

4



kW/m2 , both the Thermoexcel tubes performed the best. However,

they noted that the uncertainty in the data increased as both

superheat and heat flux decreased.

Whereas the majority of pool-boiling experiments use

electrically heat tubes, McManus et al. [Ref. 10] used hot

water to heat both a High Flux and Turbo-B tube in a pool of

R-114. The range of heat flux was very limited. However, at a

heat flux of 40 Kw/m', enhancements of 14.6 and 6.4

respectively, were obtained over smooth tube values.

B. NUCLEATE POOL BOILING PZRFORNANCE OF
RIFRIGERANT-OIL MIXTURES

Most refrigeration systems use hermetically sealed

compressors which allow small quantities of oil to escape into

the working fluid. This oil tends to collect in the flooded

evaporator, giving up to 10% oil in some cases. The nucleate

pool boiling mechanism is further complicated when a less

volatile component, such as miscible refrigerant oil, is mixed

with the refrigerant. Design and modelling rely heavily on

accurate experimental data covering a wide range of operating

conditions.

Compared with pure refrigerants, there is little data for

boiling of refrigerant/oil mixtures from finned surfaces.

Chaddock [Ref. 11] gives a thorough summary of such mixtures

through 1975. Sauer et al. [Ref. 12] report data from 19 fpi

copper tube using R-11 with two different oils. For oil
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concentrations less than 3%, their results indicated no

difference in boiling heat transfer performance from that of

the pure refrigerant. For oil concentrations greater than 5%,

significant degradation in performance was shown. They

concluded that finned tubes performed best at low wall

superheats and that this performance was not impaired by up to

3% oil addition.

Murphy [Ref. 13] carried out experiments on a 26 and 40

fpi tube using R-114/oil mixtures. Similar to Sauer [Ref. 11],

no difference in performance was observed for oil

concentrations up to 3%. Indeed in some cases, at a higher

heat flux of about 100 kW/m2, a 3% oil concentration showed a

small increase in performance over the pure refrigerant case.

The mechanism for this improvement is not well understood, but

has been found by a number of investigators for both flow and

pool boiling. At a 10% oil concentration, both tubes exhibited

a 30% degradation in performance versus the pure refrigerant

case, which agreed with Sauer's findings.

Wanniarachi et al. [Refs. 7, 81 reported the performance

of High Flux, Thermoexcel-E, Thermoexcel-HE and GEWA-T tubes

in R-114/oil mixtures at one atmosphere. Oil concentrations up

to 10% (by weight) were studied. A marked increase in the wall

superheat values required for the incipience of nucleate

boiling was observed in the presence of oil. Enhancements

mentioned previously for pure R-114 were reduced at a 3% oil

concentration, to 7.5, 5.5, 5.5 and 3.8 respectively. With 10%

6
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oil concentrations, further reductions to 5.5, 3.8, 3,8 and

2.9 were observed. At the highest heat fluxes (> 45 kW/m 2) and

for oil concentrations greater than 6%, the performance of the

High Flux tube degraded at a rate that left the GEWA-T tube as

the best performer.

7
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III. DESCRIPTION OF EXPERIMENTAL APPARATUS

A. OVERVIEW OF THE SYSTEM

Wanniarachchi et al. [Ref. 73, Murphy [Ref. 13] and

Karasabun [Ref. 14] provide complete details of the original

apparatus used in previous studies. Disassembly of the

original apparatus to facilitate relocation and subsequent

modifications to meet present site requirements justify a full

description of the apparatus. The original R-12 cooling

subsystem was supplanted by a more efficient R-502 system. The

auxiliary heaters and plastic shield were removed, however

power extensions were kept available for their use in future

studies. The Variac power supply to the tube heater was

calibrated and emplaced into a panel enclosure. See Appendix

D, Apparatus Calibration for more details. A more modern

Hewlet-Packard Computer/Data Acquisition system was installed

and the data reduction program DRP8 was updated to account for

variac calibration and program language changes.

An overall schematic representation of the experimental

apparatus is shown in Figure 3.1, and a photograph is shown in

Figure 3.2. The apparatus essentially consists of 8

(components: 1) a Pyrex-glass tee for the pool boiling of the

R-114 liquid, "the evaporator"; (2) a Pyrex-glass tee for the

condensing of the R-114 vapor, "the condenser"; (3) a P-114
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liquid reservoir; (4) a refrigerant/oil subsystem composed of

an oil reservoir and a graduated oil cylinder; (5) a cooling

subsystem composed of a 1/2 ton R-502 refrigeration plant, 2

positive displacement pumps and a 30 gallon water/ethylene

glycol sump; (6) a vacuum pump; (7) a data acquisition and

instrumentation system; (8) an aluminum/Plexi-glass framework

within which components (1) through (4) were housed.

The apparatus was operated as follows: liquid R-114 was

boiled in the evaporator (1), passed as vapor through the

aluminum L-shaped connection and condensed in the condenser

(2). R-114 condensate was returned by gravity via the

distribution tube to the condenser. The R-502 refrigeration

plant maintained the water/ethylene glycol mixture in the sump

between -12 and -18 0C. Cooling of the sump was accomplished

by a countercurrent flow heat exchanger through which an 8-gpm

turbine-type pump recirculated the water/ethylene glycol

mixture. An identical positive displacement pump circulated

the cooled mixture through the copper condensing coils in the

condenser via the control valve VC.

Prior to dismantling the evaporator in order to change out

boiling tubes, the liquid R-114 was boiled out of the

evaporator, condensed on the coils of the condenser then

recovered to the R-114 liquid reservoir rather than returned

to the evaporator. Upon reassembly, the evaporator was

recharged with liquid R-114 by gravity from the reservoir. The
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level in the reservoir could be topped off via the condenser

from an external supply cylinder through valve V10.

Exact quantities of oil could be added to the liquid R-114

in the lower glass tee from the graduated cylinder (5) by

gravity. The graduated cylinder was filled with oil by gravity

from the oil reservoir through valves V14 and V2. Refilling

the oil reservoir was done through valve V3 located at the top

of the framework. All oil left over from the recovery of the

liquid R-114 was drained out of the lower glass tee and

disposed of.

The boiling tube was mounted horizontally in the

evaporator and held in place by Teflon bushings with O-ring

inserts. The whole system was connected to the vacuum pump (6)

through valve V8 in order to remove noncondensible gases. A

relief valve mounted on the aluminum L connection was set to

a gage pressure limit of 20 psi, which is 50% less than the

manufacturer-recommended working pressure limit of the Pyrex

glass tees. All connections were assembled with Swagelok

fittings sealed with Teflon ferrules to ensure leak tightness.

Copper tubing of 3/8 inch diameter was used for all piping,

except in the oil section, where 1/4 inch copper tubing was

used.
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B. BOILING TEST SECTION

1. Evaporator

The evaporator is a T-shaped container made of Corning

Pyrex glass. Figure 3.3 shows a schematic of the evaporator

with dimensions. Pyrex glass has several advantages: it is

corrosion-resistent, transparent, has a smooth interior

surface (this minimized nucleate boiling at the inner surface

of the container) and is stronger with temperature and

pressure variations compared to ordinary glass. The

manufacturer recommended operating pressure limit of the Pyrex

glass tee is 30 psi gage. Each end of the evaporator was

fitted with a cast-iron flange and a gasket. A detailed sketch

of the cast-iron flange is shown in Figure 3.3 also. To reduce

weight upon the glass tees, two aluminum flanges, 210 mm in

diameter and 12.7 mm in thickness, were bolted to the cast-

iron flanges. All fittings were connected through the aluminum

flanges to the Pyrex-glass evaporator.

2. Test Tube

A schematic drawing of the test tube is shown in

Figure 3.4. The boiling tube was held in place by two Teflon

bushings, which were attached to the aluminum flanges at both

ends of the T-shaped evaporator. Four studs were used in order

to attach the Teflon bushing on the aluminum flange. The

Teflon bushing and both ends of the test tube were sealed by
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means of two viton O-rings that were placed between the

aluminum flange and the Teflon plug at each end.

3. Boiling Tubes

A smooth, hard-copper tube, 15.9 mm (5/8 in.) in outer

diameter, 12.7 mm (1/2 in) in inside diameter and 431.3 mm (17

in.) in length, was used to provide comparison data for the

nucleate pool boiling heat-transfer performance of the

enhanced tubes tested. All of the tubes were heated and

instrumented identically. Dimensions of each tube are provided

in Table V of Appendix E, Sample Calculations. Wanniarachchi

et al. [Refs. 8, 9] and Murphy [Ref. 14] provide complete

details of the tube surfaces.

The ten tubes tested were:

1. Smooth

2. GEWA-K 26 fpi (Figure 3.5)

3. GEWA-K 40 fpi (Figure 3.5)

4. GEWA-T 19 fpi (Figure 3.5)

5. GEWA-T 26 fpi (Figure 3.5)

6. GEWA-YX 26 fpi (Figure 3.6)

7. High Flux (Figure 3.7)

8. Thermoexcel-HE (Figure 3.8)

9. Thermoexcel-E (Figure 3.9)

10. Turbo-B (Figure 3.9)
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The heater was a 1000-Watt, 240-Volt stainless-steel

cartridge, 6.35 mm (1/4 in.) in outer diameter and 203.2 mm (8

in) in length. It was inserted into a copper sleeve, which was

1/4 inch in inside diameter, 1/2 inch in outer diameter and 8

inches in length. In order to provide a uniform heat flux, the

cartridge heater and the copper sleeve were soldered together.

To minimize the thermal contact resistence, the copper sleeve

was then tinned (the cartridge heater was used to maintain the

solder in molten state) and inserted as a unit into the middle

portion of the test tube. The active boiling length of the

test tube was therefore eight inches in the middle portion of

the boiling tube. In order to compute the actual average heat

flux in the heated portion of the tube, a suitable correction

was applied for the heat lost by natural convection out both

ends. See Appendix E, Sample Calculation for details.

To measure the wall surface temperature of the boiling

tube, 8 thermocouples (Type-T Teflon coated copper-constantan;

0.01 inch in diameter) were inserted into eight grooves

machined on the outside of the copper sleeve. As shown in

Figure 3.10, these thermocouples were located at different

axial and circumferential locations. The exact locations of

the thermocouples and dimensions of the thermocouple grooves

are given in Figure 3.10. All the thermocouple grooves were

axially machined from the location of the thermocouple hot

junctions to the nearest end of the copper sleeve.
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C. CONDZNSER SECTION

The condenser was also a T-shaped container made of

Corning Pyrex glass. It was identical to the evaporator. The

position of the condenser can be seen in Figure 3.1. R-114 was

condensed on a helical copper coil, which was inserted in the

Pyrex-glass condenser. Copper tubing (3/8 inch outer diameter)

was fabricated into a three inch diameter coil. The active

condensation length was estimated to be 15 ft.

The top portion of the condenser was connected to a

portable, mechanical vacuum pump to remove noncondensible

gases from the apparatus. The bottom of the condenser was

connected to the evaporator via valve V5 in order to return

the condensed R-114 liquid to either the evaporator or the

reservoir. The coolant, i.e., water/ethylene glycol mixture,

entered from the top portion of the condenser. The condenser

was placed vertically and connected to the vapor outlet of the

evaporator using a fabricated, L-shaped aluminum tube, two

inches in diameter. A Bourdon gage with a range up to a gage

pressure of 150 psi and a relief valve which was set to 20 psi

gage were mounted on the L-tube.

D. OIL ADDING SECTION

To study the boiling performance of R-114/oil mixtures, a

cylindrical aluminum oil reservoir, 6 inches in diameter and

6 inches in height, and a graduated glass oil cylinder were

installed above the evaporator as shown in Figure 3.1. The
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graduated cylinder was 355 mm in length and had a diameter of

25.4 mm. A resolution of 0.5 ml was achieved with the

graduated cylinder. The oil reservoir was connected to the oil

cylinder through valves V14 and V2. Refilling the oil

reservoir was accomplished through valve V3 located on top of

the reservoir. The addition of oil into the evaporator was

achieved through Vl by gravity. The oil cylinder was refilled

by gravity from the oil reservoir located above.

Z. COOLING SECTION

1. Water-Ethylene Glycol Mixture Tank

In order to store the water-ethylene glycol mixture,

a special tank was manufactured. The total volume of the tank

was 9243 in3 (18.84 in x 18.84 in x 26.04 in) and it was made

of 0.5 inch thick Plexiglas sheet. All sides of the tank were

glued together with methylene chloride solution. The joints

were held together with small screws for extra strength. The

low thermal conductivity of Plexiglas was especially suited to

minimize heat transfer (from room to water-ethylene glycol

mixture) through the tank walls. The tank was placed on top of

square wood platform on the floor and all sides were insulated

with 7/8 in thick rubber sheets. The cooling mixture contained

13 gallons of ethylene-glycol and 25 gallons of distilled

water. The freezing point of this mixture was about -25 deg C.
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2. R-502 Refrigeration Plant

A 1/2 ton R-502 refrigeration plant was installed to

cool the water/ethylene glycol mixture. Figure 3.12 shows a

schematic of the R-502 refrigeration plant. It consists of a

compact-type, air-cooled condenser, a compressor, a receiver,

a filter-drier unit, a pressure regulator, a temperature

control switch and a thermostatic expansion valve. The

evaporator of the R-502 refrigeration plant was constructed

using a 3.8 inch copper tube which was run through a

countercurrent heat exchanger opposite the water-ethylene

glycol mixture. The temperature of the water/ethylene glycol

mixture was controlled by both a thermostatic expansion valve

and a temperature control switch. The R-502 refrigeration

plant was adjusted to keep the temperature of the cooling

liquid at about -17 deg C.

3. Pump and Control Valve

An 8 gpm, 115 VAS Burks turbine-type, positive-

displacement pump was installed on the floor and the 1 inch

diameter suction side of the pump was directly connected to

the water/ethylene glycol tank. Cooling liquid was pumped from

the tank to the condenser through the control valve VC. Also,

a by-pass valve V9 was placed before the control valve VC on

the discharge line. The use of the by-pass line served two

important purposes: (1) it avoided overloading the pump in the

event valve VC is completely closed, and (2) it provided

16



proper mixing for the "warm" stream returning from the

condenser. The by-pass valve required adjustment only at the

highest heat fluxes to 'satisfy' proper cooling of the

condenser.

F. R-114 RZSZRVOIR

An aluminum cylindrical reservoir, 9 inches in diameter

and 10 inches in height, was placed vertically between the

evaporator and condenser in order to store R-114 as a liquid.

The liquid level of the R-114 could be observed by means of a

sight glass attached on the reservoir. The R-114 reservoir was

connected to the vapor line through valve V7 and to the liquid

line through valve V6. See Figure 3.1 for the arrangement of

the reservoir.

G. CEANBIR

An aluminum frame (42.13 in x 20.07 in x 24.02 in) was

constructed to locate all the parts of the apparatus, except

the cooling section. All four vertical sides of the frame were

covered with 1/2 inch thick Plexiglas sheets and both left and

right sides were provided with hinges to enable easy access to

the components of the apparatus. Aluminum and plywood plates

were used to cover the bottom and top sides of the frame,

respectively. The valve bodies of Vl through V8 were placed

inside of the front Plexiglass box. The whole frame was placed
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above the water-ethylene glycol tank with aluminum supports so

that the system was very compact.

One of the main advantages of this chamber was that the

temperature surrounding the evaporator could be reduced

relative to the ambient temperature. Also, in case of

emergency, the thick Plexiglas chamber provides a safety

barrier to personnel and data acquisition equipment.

H. INSTRUMENTATION

1. Power Measurement

A 240 volt AC source was used as the power supply, and

it was adjusted by a variac in the range of 0-220 volts and

0-5 amperes according to the desired heat flux at the surface

of the boiling tube. Power input to the boiling tube was

measured with an AC current inductive sensor (output in volts)

and a voltage sensor directly coupled to the variac output.

The voltage sensor was run through a AC-DC true R.M.S.

converter which output a proportional signal in volts. Figure

3.12 shows a schematic representation of the power-measurement

setup. Both the AC current sensor and the AC-DC true R.M.S

converter were connected to the data acquisition/control unit.

2. Temperature Measurement

Various temperatures were monitored throughout the

system to include:

1. Boiling tube wall (8 thermocouples at various
longitudinal and circumferential positions)
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2. Liquid temperature (one thermocouple)

3. Vapor temperature (two thermocouples), and

4. Water/ethylene glycol mixture temperature (one
thermocouple)

The locations of the wall thermocouples in the sleeve of the

boiling tube are shown in Figure 3.5. The liquid and vapor

thermocouples were inserted into the three specially

manufactured thermocouple housings. Figure 3.14 shows a

schematic of these thermocouple housings. The stainless-steel

portion minimizes (owing to low thermal conductivity) errors

resulting from the axial conduction of heat from the

surroundings. The copper tip of the housing helps to minimize

the temperature drop from the area being measured to the

thermocouple location (owing to the high thermal conductivity

of copper).

All the temperature measurements were accomplished by

30 gage copper-constantan thermocouples. Each thermocouple

measurement was read directly by a Hewlett-Packard 3497A data

acquisition system, which was controlled by a Hewlett-Packard

9826 computer. Each thermocouple was scanned twenty times over

5 seconds and the readings averaged to obtain a more accurate

measurement.
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Figure 3.1 Schematic of Single Tube Apparatus
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Figure 3.2 Photograph of Experimental Apparatus
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Figure 3.3 Schematic of the Pyrex Glass Evaporator
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(a) Standard fin (GEWA-K) and GEWA-T fin

(b) GEWA-T fin

Figure 3.5 Schematic and Photograph of Fins
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Figure 3.6 Photographs of CEWA-YX Tube and Fin
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Figure 3.7 Schemiatic and Photograph of High Flux Surface
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Figure 3.8 Schematic and Photograph of
Thermoexce 1-HE Surface
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(a) Thermoexcel-E

(b) Turbo-B

Figure 3.9 Photographs of Re-Entrant Cavity Surfaces
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IV. DATA ACQUISITION AND REDUCTION

A. DATA ACQUISITION AND STORAGE

A Hewlett-Packard 3852A automatic data acquisition unit

was used to read temperatures from the thermocouples and to

read current and voltage values of the cartridge heater from

the AC current sensor and the AC-DC true RMS converter. A

Hewlett-Packard 9000 Series computer was used to control the

measurements done by the 3852A, analyze the collected data and

store it.

The iterative data collection/reduction program DRP8 was

loaded and run. Information was entered through the keyboard

to prompt the data acquisition unit when to take data. Channel

assignments are listed in Table I. The raw data was processed

and transferred to a file on the computer's hard drive. A

printout of the data reduction was also provided.

B. DATA REDUCTION

Following data acquisition for each data point, results

were computed according to the stepwise procedure outlined in

the next section, and then printed out using a Hewlett-Packard

Inkjet printer. Graphs were plotted using commercial software.
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C. STEPWISE DATA-COLLECTION AND SOLUTION PROCEDURE

1. Input name of user-specified file to be stored on
computer hard drive.

2. Select tube type (all dimensions of the boiling test
tube are included).

3. Input desired heat flux (W/m2) and saturation

temperature (°C) of the boiling liquid.

4. Set desired heat flux by adjusting VARIAC rheostat.

5. Set saturation temperature by adjusting flow of coolant
through condenser coils with control valve VC.

6. Once saturation temperature is achieved, wait for
steady-state conditions (at least 5 minutes) prior to
taking data readings.

7. Prompt data acquisition unit to scan all channels
listed in Table I (thermocouples, AC current sensor and
AC-DC true RMS voltage converter). All channel readings
are made in volts and stored in user specified file.

8. Convert these voltage readings to corresponding units
(temperature in °C, current in amperes, voltage in
volts). Karasabun [Ref. 15] describes in detail
conversion equation for temperature. See Appendix B-
Data Acquisition Apparatus Calibration for details of
current and voltage conversion.

9. Compute the heat-transfer rate from the cartridge
heater. See Appendix D-Sample Calculations.

10. Compute the average wall temperature of the boiling
tube and calculate the wall superheat of the current
data set. See Appendix D-Sample Calculations.

11. Compute the physical properties of R-114 using given
correlations at film temperature. See Appendix D-Sample
Calculations.

12. Compute the natural-convection heat-transfer
coefficient of R-114 from the smooth non-boiling ends
of the test tube. See Appendix D-Sample Calculations.

13. Compute heat losses from the non-boiling ends of the
boiling tube. See Appendix D-Sample Calculations.
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14. Calculate the heat flux from tube to the refrigerant.
See Appendix D-Sample Calculations.

15. Calculate the heat transfer coefficient of the R-114
from the boiling tube. See Appendix D-Sample
Calculations.

16. Store the heat flux versus wall superheat values for
each data set in user-specified file.

17. Use commercial software, Harvard Graphics, to plot
data.

TABLE I. HP 3497A CHANNEL ASSIGNMENTS

Channel Assignment

500-507 Boiling tube wall temperature

508-509 Boiling liquid temperature

510 Vapor temperature

511 Sump temperature

512 RMS voltage Tube heaters

513 Tube heater current sensor

514 Auxiliary heater current
sensor
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V. EXPZRINMAL PROCEDURE

A. PREPARATION

1. Vacuum test of the Apparatus

Upon changing the tube and reassembling the apparatus,

the system was evacuated down to approximately 25 in. Hg. by

a portable mechanical vacuum pump through valves V11 and V8.

The apparatus was allowed to stand for 30 minutes under vacuum

to observe any possible leaks. During this period,

thermocouples were connected to the data acquisition system,

the electrical integrity of the tube heater was checked and

the tube heater connected to the variac panel. If a leak was

detected (i.e. an observed rise in pressure), a pressure test

was conducted to isolate the source. (See V.A.2.)

2. Pressure Test of the Apparatus

In order to detect sources of leaks, the apparatus was

pressurized with air up to 15 psi gage and a soap/water bubble

test was carried out upon suspect joints. All detected leaks

were successfully and systematically fixed.

3. Charging the Apparatus with R-114

Upon completing the pressure tests (if any), the

evaporator of the apparatus was filled with R-114 liquid up to

a marked position (20 mm above the top of the boiling tube)

using the following procedure.

36



2. Valve V7 was opened to allow the pressures within the
reservoir and the evacuated apparatus to equalize. It
was noted that the liquid R-114 within the reservoir
boiled since the equilibrium pressure was less than the
R-114 vapor pressure at room temperature.

2. Valve V6 was opened to allow the liquid R-114 to drain
into the evaporator by gravity.

3. At the designated evaporator level, valves V6 and V7
were closed to isolate the reservoir.

4. Degassing and Data Acquisition Channel Check.

1. With the condenser operating, the boiling tube was run
at a high flux of about 100 kW/m2 for ten minutes in
order to de-gas both the tube surface and refrigerant.
Care was taken not to exceed a pressure of 15 psi gage
(well below manufacturer recommendation) within the
apparatus.

2. Any noncondensible gases present collected in the top
of the condenser. These were then removed using the
vacuum pump through valves, V8 and VII.

3. The program, SETUP8, was run to check output on all
thermocouple channels as well as power output. If an
erroneous reading was detected, then appropriate action
was taken. In the case of a faulty boiling tube wall
thermocouple, the faulty thermocouple was tagged for
future exclusion in data acquisition procedure. (Each
thermocouple had X thermocouples embedded in its tube
wall and the loss of one made no difference to the
average wall temperature).

4. The apparatus was shut down and the boiling tube
allowed to soak in the refrigerant overnight. This
allowed for the surface to become wetted.

B. NORMAL OPERATION

The following procedure was followed to obtain the heat-

transfer coefficient of pure R-114 and R-114/oil mixtures from

the boiling tube being tested:
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1. The R-502 refrigeration unit was operated 1-2 hours in
advance in order to reduce the temperature of the
water-ethylene glycol sump to a minimum of -8 °C.

2. The data acquisition/control unit, computer and variac
panel were switched on.

3. The computer program SetupS was loaded and run:
a. All the data acquisition channels were rechecked.
b. A power output of approximately 5W was input to

the boiling tube. This has been measured to
produce a heat flux of 500 to 600 W/m2 in all tubes
tested which facilitated reaching the first data
point on the increasing flux run.

c. The temperature of the refrigerant was slowly
reduced down to 2.2 0C by circulating a small
amount of coolant through the condenser, regulated
by control valve, VC. This reduction was monitored
to coincide with the reduction in sump
temperature.

4. The iterative computer program DRP8 was loaded and
run.

5. Two data runs were made: an increasing heat flux run
and a decreasing heat flux run wherein the heat flux
was incrementally increased or decreased. Ten different
heat fluxes (0.6, 1, 2, 3.5, 6, 10, 20, 35, 60, and 100
kW/m 2) were selected for each increasing or decreasing
heat flux data run.

6. The desired heat flux and saturation temperature were
input to the program as reference points for each data
point.

7. The variac was adjusted to set the actual heat flux
which was continuously compared to the desired heat
flux by the program until they agreed within 2 percent.

8. The control valve VC was adjusted to regulate the flow
of cooling liquid through the condenser to maintain
nearly constant saturation temperature at a given heat
flux. Desired versus actual saturation temperatures
were monitored continuously by the program until they
agreed ± 0.1 0C.

9. For each data point, conditions in the evaporator were
allowed to stabilize for at least 5 minutes prior to
measuring the raw data. The following raw data were
measured and stored in a user specified file: boiling
tube wall thermocouple readings, liquid bulk
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thermocouple readings, vapor thermocouple readings,
sump thermocouple readings, current sensor readings,
and voltage sensor readings.

10. Two data points were taken at a given heat flux and
saturation temperature to comprise a data set. The
following processed data were recorded as a printout:
wall temperatures of the boiling section, liquid bulk
temperatures, vapor temperature, sump temperature, wall
superheat, heat transfer coefficient of the R-114/R-
114-oil mixture and the actual heat flux.

11. For each data set, the above procedure beginning with
step 5 was repeated.

12. Table II provides a listing of all data runs.

TABLE II. LISTING OF DATA RUNS

Data Data File Tube Beat Oil Purpose
Run # Flux (%)

1 DATA63015 HF I 0 CAL

2 DATA630D5 HF D 0 CAL

3 DATA702I5 HF I 0 CAL

4 DATA702D5 HF D 0 CAL

5 DATA0705I5 HF I 0 CAL\DATA

6 DATA0705D5 HF D 0 CAL\DATA

7 DATA0709I4 SM I 0 DATA

8 DATA0709D4 SM D 0 DATA

9 DAT071OI6 GK-40 I 0 DATA

10 DAT071OD6 GK-40 D 0 DATA

11 DAT071117 GK-26 I 0 DATA

12 DAT0711D7 GK-26 D 0 DATA

13 DAT071518 GT-19 I 0 DATA

14 DAT0715D8 GT-19 D 0 DATA

15 DAT071619 GT-26 I 0 DATA
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Data Data File Tube Beat Oil Purpose
Run # Flux (%)

16 DAT0716D9 GT-26 D 0 DATA

17 DAT0717II1 T-HE I 0 DATA\DG

18 DAT0717DIl T-HE D 0 DATA

19 DAT0722112 TB I 0 DATA

20 DAT0722D12 TB D 0 DATA

21 DAT0723109 GY-26 I 0 DATA

22 DAT0723D09 GY-26 D 0 DATA

23 DAT0724111 T-HE I 0 DATA\DG

24 DAT0724D11 T-HE D 0 DATA\REP

25 DAT080314 SM I 0 DATA\REP

26 DAT0803D4 SM D 0 DATA\REP

27 DAT080414 SM I 3 DATA

28 DAT0804D4 SM D 3 DATA

29 DAT080514 SM I 10 DATA

30 DAT0805D4 SM D 10 DATA

31 DAT080617 GK-26 I 0 DATA\REP

32 DAT0806D7 GK-26 D 0 DATA\REP

33 DAT080717 GK-26 I 3 DATA

34 DAT0807D7 GK-26 D 3 DATA

35 DAT080817 GK-26 I 10 DATA

36 DAT0808D7 GK-26 D 10 DATA

37 DAT080916 GK-40 I 0 DATA\REP

38 DAT0809D6 GK-40 D 0 DATA\REP

39 DAT081OI6 GK-40 I 3 DATA

40 DAT081OD6 GK-40 D 3 DATA

41 DAT081216 GK-40 I 10 DATA

42 DAT0812D6 GK-40 D 10 DATA

43 DAT081518 GT-19 I 0 DATA\REP
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Data Data File Tube Heat Oil Purpose
Run # Flux (%)

44 DAT0815D8 GT-19 D 0 DATA\REP

45 DAT081618 GT-29 I 3 DATA

46 DAT0816D8 GT-19 D 3 DATA

47 DAT082018 GT-19 I 10 DATA

48 DAT0820D8 GT-19 D 10 DATA

49 DAT082119 GT-26 I 3 DATA

50 DAT0821D9 GT-26 D 3 DATA

51 DAT082219 GT-26 I 10 DATA

52 DAT0822D9 GT-26 D 10 DATA

53 DAT0823110 T-E I 3 DATA

54 DAT0623D10 T-E D 3 DATA

55 DAT0824110 T-E I 10 DATA

56 DAT0824D10 T-E D 10 DATA

57 DAT082519 GY-26 I 3 DATA

58 DAT0825D9 GY-26 D 3 DATA

59 DAT082619 GY-26 I 10 DATA

60 DAT0826D9 GY-26 D 10 DATA

61 DAT082715 HF I 3 DATA

62 DAT0827D5 HF D 3 DATA

63 DAT082815 HF I 10 DATA

64 DAT0828D5 HF D 10 DATA

65 DAT0829112 TB I 3 DATA

66 DAT0829D12 TB D 3 DATA

67 DAT0830112 TB I 10 DATA

68 DAT0830D12 TB D 10 DATA

69 DAT0831I11 T-HE I 3 DATA

70 DAT0831D11 T-HE D 3 DATA

71 DAT0901III T-HE I 10 DATA
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Data Data File Tube Beat Oil Purpose
Run # Flux_(__

72 DATO9O1D11 T-HE D 10___ DATA__

73 DATO9O6I1O T-E 1I DT

74L DATO9O6D1O [T-E D 0 DT

SM = Smooth GK-26 = GEWA-K 26 fpi GK-40 -GEWA-K 40 fpi
HF =High Flux GT-19 = GEWA-T 19 fpi GT-26 = GEWA-T 26 fpi
TB = Turbo-B GY-26 = GEWA-YX 26 fpi T-E = Thermoexcel-E
T-HE = Thermoexcel-HE
I = Increasing Flux D =Decreasing Flux

CAL - CALIBRATION DATA DATA = BASELINE DATA
REP - REPEATABILITY DATA DG = DEGASSING DATA
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VI. RZSULTS AND DISCUSSION

A. REPRODUCIBILITY

To test the reproducibility of the experimental data, 9

data runs were repeated on different days. All data runs were

conducted at a saturation temperature of 2.2 °C. Figure 6.1

shows a comparison of two pairs of runs, 13, 14, and 43, 44

for increasing and decreasing heat flux. It can be seen that

there is excellent agreement between both the increasing and

decreasing heat flux runs.

B. COMPARISON OF DATA WITH PREDICTION

To check the general validity of the data obtained, four

well-known correlations, two for natural convection and two

for nucleate pool boiling, were plotted and compared with the

smooth tube data for pure R-114. The two natural convection

correlations used were Churchill and Chu [Ref. 1] and a more

recent update Churchill and Usagi [Ref. 2]. The two nucleate

pool boiling correlations used were: Rohsenow [Ref. 1] and

Stephan-Abdelsalam (Ref. 3]. One of the first correlations

developed, the Rohsenow correlation is based upon the physics

of pool boiling heat transfer. It applies only for clean

surfaces and when used to estimate heat flux, errors can

amount to ± 100%. The Stephan-Abdelsalam correlation for

refrigerants was developed from application of regression
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analysis to a large amount of existing data. Application to a

large number of pure substances of widely differing thermal

properties is remarkably simple. Figure 6.2 shows the plotted

data and correlations. It can be seen from the plot that there

is excellent agreement for natural convection and not bad

agreement in the nucleate boiling region. The slightly worse

agreement for nucleate boiling can be attributed to the more

complex mechanisms at work in this region.

C. EFFECTS OF DMGASSING

Early experiments (Runs 1-6) conducted with the High Flux

tube pointed out the significant effect of degassing both the

tube surface and refrigerant. It was observed that tubes that

were not vigorously boiled after placement into the apparatus

and not allowed to settle overnight, tended to nucleate at

very low heat fluxes the following day when conducting an

increasing heat flux run. Similar effects were observed if the

apparatus was allowed to stand undisturbed for several days.

The most extreme effects were seen for the re-entrant cavity

tubes. Figure 6.3 shows the change in behavior (i.e. for

gassed and degassed) for a Thermoexcel-E tube for an

increasing heat flux run. For the degassed case, an extreme

temperature overshoot was observed, which indicates a large

number of nucleation sites were deactivated. Once all

nucleation sites were activated, the performance of both cases

was identical. It can be surmised that the entrapment of vapor
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bubbles in surface cavities as well as the outgassing from the

Teflon 0-rings of the rig over time, enhanced the nucleation

on the tube surfaces. Vigorous boiling removed those gases

from both surface and liquid.

D. BOILING PERFORMANC OF ENNANCED TUBES IN PURE R-114
AND R-114/OIL MIXTURES

The results of the 74 data runs are discussed with

references to the figures (Figures 6.1 to 6.80) that are

provided at the end of this chapter. Performance of each tube

will be presented and discussed as follows:

1. For pure R-114

2. For R-114/oil mixtures (3% and 10% by weight)

3. Comparison of pure R-114 and R-114/oil mixtures for
increasing heat flux runs.

4. Comparison of pure R-I14 and R-114/oil mixtures for
decreasing heat flux runs.

5. Comparison to similar tube types (i.e. finned - as
applicable for each R-ll4/oil mixture for both
increasing and decreasing heat flux runs)

1. Boiling Performance of Smooth Tube

Figures 6.4, 6.5 and 6.6 show the heat transfer

performance of pure R-114, R-114/3% oil mixture and R-114/10%

oil mixture respectively, boiling from a smooth copper tube.

Figures 6.7 and 6.8 show the comparative performance for the

three refrigerant/oil mixtures on increasing and decreasing

heat flux respectively. It can be seen that in Figure 6.7 in

the natural convection region there is slight degradation with
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increases in oil. However, in the nucleate boiling region

there is significant degradation with increasing oil

concentration. Wanniarachi et al. [Ref. 6] reported similar

behavior for smooth tubes. This behavior was attributed to two

competing effects: (1) the 'choking' of the tube surface by an

oil rich layer which develops as the more volatile refrigerant

is boiled off; () the diffusion of the miscible oil rich layer

back into the bulk fluid. In the natural convection region it

can be surmised that the diffusion effect predominates while

in the nucleate boiling region the 'choking' effect eventually

overwhelms the diffusion. This degradation is seen again in

Figure 6.8. It can be seen that in Figure 6.8 that as

conditions approach natural convection along the decreasing

heat flux curve, the three mixtures perform similarly as

nucleation sites die out.

2. Boiling Performance of Finned/Modified Finned Tubes

Figures 6.9, 6.10 and 6.11 show the heat transfer

performance of pure R-114, R-114/3% oil mixture and R-114/10%

oil mixture respectively, boiling from a standard 26 fpi tube,

(GEWA-K). At a heat flux of 35 kW/m2, heat transfer

enhancement compared to the smooth tube for pure R-114,

R-114/3% oil and R-114/10% oil was 2.4, 2.9 and 3.2

respectively. Figures 6.12 and 6.13 show the comparative

performance of the three refrigerant/oil mixtures on

increasing heat flux and decreasing heat flux runs
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respectively. On increasing heat .flux and decreasing heat flux

runs, the finned tube only shows a small degradation in both

the natural convection and nucleate boiling regions. The

smooth tube only shows small degradation in the natural

convection region. Also, at the higher heat fluxes, the

R-114/3% oil mixture shows a slightly better performance than

the pure R-114 and R-114/10% oil mixture. This phenomenon was

observed for all finned tubes, however, the reasons for such

behavior are not fully understood; it may be due to bubble

'scouring' between the fins. This small increase in

performance at low oil concentrations agrees with results

reported by Stephan and Mitrovic (Ref. 15].

Figures 6.14, 6.15 and 6.16 show the heat transfer

performance of pure R-114, R-114/3% oil mixture and R-114/10%

oil mixture respectively, boiling from a GEWA-K 40 fpi tube.

Figures 6.17 and 6.18 show the comparative performance of the

three refrigerant/oil mixtures on increasing heat flux and

decreasing heat flux respectively. Similar behavior to the

GEWA-K 26 fpi tube was observed including the improved

performance at higher fluxes at low oil concentrations (3%).

Figures 6.19, 6.21, and 6.23 show the comparative

performance of the three R-114/oil mixtures boiling from GEWA-

K 26 and 40 fpi tubes on increasing heat flux. For all three

oil concentrations, the GEWA-K 40 fpi tube outperforms the

GEWA-K 26 fpi and smooth tubes consistently in the nucleate

boiling region. At a heat flux of 35 kW/m2 the GEWA-K 40 fpi
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and the GEWA-K 26 fpi had heat transfer enhancements of 4.1

and 3.1 respectively over the smooth tube for pure R-114.

Similar enhancements were seen at R-114/3% oil and R-114/10%

oil mixtures. See Table III at end of this chapter. In the

natural convection region, the results were mixed. Neither

tube predominated consistently for pure R-114 and R-114/oil

mixtures. Figures 6.20, 6.22 and 6.24 show similar comparisons

on decreasing heat flux. It can be seen that the GEWA-K 40 fpi

performs best in all three cases except at very low fluxes

where results were less certain. However, the calculation for

the heat flux did not take into account the actual increases

in surface area for the finned tubes over the smooth tube. A

fin root diameter was used to calculate surface area. The

actual area increase is of the same magnitude as the heat

transfer enhancements seen, indicating that both smooth and

finned tubes give similar heat transfer performance. To

demonstrate this, Figure 6.9, the GEWA-K 26 fpi tube in pure

R-114, is replotted in Figure 6.81 using the actual fin

surface area. The ratio of actual fin surface area to root

diameter area was a factor of 4. Actual surface heat flux was

calculated by dividing the root diameter surface heat flux by

four. It can be seen in Figure 6.81 that in the natural

convection region the GEWA-K 26 fpi tube performs comparably

to the smooth tube. However, in the mixed boiling and nucleate

boiling regions the GEWA-K 26 fpi tube shows an enhanced

performance over the smooth tube up to three, which indicates
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there are other mechanisms involved besides increased surface

area.

Figures 6.25, 6.26 and 6.27 show the heat transfer

performance of pure R-114, R-114/3% oil mixture and R-114/10%

oil mixture respectively, boiling from a modified fin tube,

GEWA-T 19 fpi. At a heat flux of 35 kW/m2, the heat transfer

enhancement compared to the smooth tube for pure R-114,

R-114/3% oil mixture and R-114/10% oil mixture was 3.1, 4.3

and 5.2 respectively. Figures 6.28 and 6.29 show the

comparative performance of the three refrigerant/oil mixtures

on increasing and decreasing heat fluxes respectively. Similar

to the GEWA-K type tube, only a slight degradation is observed

in both the natural convection and nucleate boiling regions.

Again at higher heat fluxes, the R-114/3% oil mixture

performed best.

Figures 6.30, 6.31 and 6.32 show the heat transfer

performance of pure R-114, R-114/3% oil mixture and R-114/10%

oil mixture respectively, boiling from a GEWA-T 26 fpi tube.

At a heat flux of 35 kW/m2, heat transfer enhancement compared

to the smooth tube for pure R-114, R-I14/3% oil mixture and

R-114/10% oil mixture was 3.7, 4.6 and 4.8 respectively.

Figures 6.33 and 6.34 show the comparative performance of the

three refrigerant/oil mixtures on increasing and decreasing

oil mixtures respectively. It can be seen that at higher heat

fluxes, the R-114/3% oil mixture performed best and there was

significant degradation in performance for the R-114/10% oil
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mixture compared to the smooth tube. At lower heat fluxes, the

pure R-114 outperformed the refrigerant/oil mixtures. It can

be surmised that the 'choking' effect predominates for the

refrigerant/oil mixtures.

Figures 6.35, 6.37 and 6.39 show the comparative heat

transfer performance of each refrigerant/oil mixture boiling

from the GEWA-T 19 and 26 fpi tubes for increasing heat

fluxes. Figures 6.36, 6.38 and 6.40 show similar comparisons

for decreasing heat fluxes. It can be seen that in the

nucleate boiling region at the higher heat fluxes that the

GEWA-T 26 fpi tube performed best. At the lower heat fluxes,

in the natural convection region for an increasing heat flux

run the tubes performed equally. For a decreasing heat flux

run, the GEWA-T 19 fpi performed best. Recalling the channel

structure of the GEWA-T tube suggests more complex phenomena

than simple increase in surface area. Indeed Marto et al.

[Ref. 16) have found that the gap width with GEWA-T tubes has

a significant effect on boiling performance. Down to some

limiting value, decreasing the gap width generally increases

heat transfer coefficient. The enhancement can be attributed

to strong interaction between heat transfer and hydrodynamic

effects within GEWA-T channels.

Figures 6.41, 6.42 and 6.43 show the heat transfer

performance of pure R-114, R-114/3% oil mixture and R-114/10%

oil mixture respectively, boiling from another modified fin

tube, GEWA-YX 26 fpi. At a heat flux of 35 kW/m2, heat
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transfer enhancement compared to the smooth tube for pure

R-114, R-114/3% oil mixture and R-114/10% oil mixture was 3.4,

4.3 and 4.4 respectively. Figures 6,44 and 6.45 show

comparative performance for the three refrigerant/oil mixtures

on increasing and decreasing heat fluxes respectively. It can

be seen that in the natural convection region slight

degradation in performance occurs. At the higher fluxes in

the nucleate boiling region, the R-114/3% oil mixture

performed best as seen with other types of finned tubes.

Figures 6.46, 6.48 and 6.50 show the comparative

performance for each refrigerant/oil mixture boiling from the

GEWA-K, GEWA-T and GEWA-YX 26 fpi tunes for increasing heat

fluxes. Figures 6.47, 6.49 and 6.51 show similar comparisons

for decreasing heat fluxes. Both the modified finned tubes,

GEWA-T and GEWA-YX, show marked increases in performance over

the standard finned tube, GEWA-K, in the nucleate boiling

region. Results were not so clear however in the natural

convection region, possibly due to variation in surface area.

3. Boiling Performance of High Flux Tube

Figures 6.52, 6.53 and 6.54 show the heat transfer

performance of pure R-114, R-114/3% oil mixture and R-114/10%

oil mixture respectively, boiling from the High Flux tube. At

a heat flux of 35 kW/m2, heat transfer enhancement compared to

the smooth tube for pure R-114, R-114/3% oil mixture and

R-114/10% oil mixture was 6.4, 6.2 and 3.8. The High Flux tube
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displays a much larger relative temperature overshoot compared

to the smooth tube and its point of incipience occurs at a

much lower heat flux. Accuracy of the data was greatest at

high heat flux and large superheat values (± 3.8%) and most

uncertain at low heat flux and small superheat values

(± 17.15%). See Uncertainty Analysis-Appendix E. It can be

seen that at higher heat fluxes that the High Flux tube in the

R-114/10 oil mixture performed almost equally to the smooth

tube. At a heat flux of 100 kW/m2 the heat transfer

enhancement compared to the smooth tube was 1.1. Wanniarachchi

et al. [Ref. 7] reported similar results. The marked decrease

in boiling performance was attributed to the creation of an

oil-rich layer within the boiling pores. The superior boiling

performance for R-114/10% oil mixture compared to the smooth

tube is completely recovered when the heat flux is decreased.

It can be seen that in the natural convection region the

performance of the High Flux tube is comparable at all oil

concentrations to the smooth tube which indicates there is no

effect of either tube type or oil concentration in this

region. Figures 6.55 and 6.56 show the comparative performance

of the three refrigerant/oil mixtures on increasing and

decreasing heat fluxes respectively. The extreme rate of

degradation of performance of the High Flux surface at 10% oil

concentration with increasing heat flux is clearly seen as

well as its complete recovery as the heat flux is decreased.
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4. Boiling Performance of the Thermoexcel Tubes

Figures 6.57, 6.58 and 6.59 show the heat transfer

performance of pure R-114, R-114/3% oil mixture and R-114/10%

oil mixture respectively, boiling from the Thermoexcel-E Tube.

At a heat flux of 35 kW/m2, heat transfer enhancement compared

to the smooth tube for pure R-114, R-114/3% oil mixture and

R-114/10% oil mixture was 5.7, 5.3 and 5.2 respectively.

Figures 6.60 and 6.61 show the comparative performance of the

three refrigerant/oil mixtures on increasing and decreasing

heat fluxes respectively. As seen with the High Flux tube, the

Thermoexcel-E tube performed equally to the smooth tube in the

natural convection region for all refrigerant/oil mixtures.

Figures 6.62, 6.63 and 6.64 show the heat transfer

performance of pure R-114, R-114/3% oil mixture and R-114/10%

oil mixture respectively, boiling from the Thermoexcel-HE

tube. At a heat flux of 35 kW/m2, heat transfer enhancement

compared to the smooth tube for pure R-114, R-114/3% oil

mixture and R-114/10% oil mixture was 4.8, 5.1 and 4.8.

Similar performance to the Thermoexcel-E tube was observed.

Figures 6.65 and 6.66 show the comparative performance of the

three refrigerant/oil mixtures on increasing and decreasing

heat flux respectively. At a higher heat flux of 100 kW/m2 the

heat transfer enhancements compared to the smooth tube for the

R-114/3% oil mixture and R-114/10% oil mixture was reduced to

2.2 and 1.9.
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Figures 6.67, 6.69 and 6.71 show the comparative

performance of each refrigerant/oil mixture boiling from both

the Thermoexcel-E and HE tubes for increasing heat fluxes.

Figures 6.68, 6.70 and 6.72 show similar comparisons on

decreasing heat fluxes. As discussed earlier both tubes showed

improved performance over the smooth tube in the nucleate

boiling region. It can be seen that the Thermoexcel-HE tube

performed marginally better than the Thermoexcel-E at high

heat fluxes. In the natural-convection region both cubes

performed comparably to the smooth tube. Wanniarachchi et al

[Ref. 8) reported similar behavior for Thermoexcel-E and

Thermoexcel-HE tubes. It can be surmised that in the natural

convection region the small re-entrant cavities of both tubes

do not increase the total boiling surface area like fins. The

Thermoexcel-E and HE tubes 'appear' smooth and would be

expected to perform comparably to the smooth tube which was

indeed seen.

5. Boiling Performance of the Turbo-B Tube

Figures 6.73, 6.74 and 6.75 show heat transfer

performance of pure R-114, R-114/3% oil mixture and R-114/10%

oil mixture respectively, boiling from the Turbo-B tube. At a

heat flux of 35 kW/m2, heat transfer enhancement compared to

the smooth tube for pure R-114, R-114/oil mixture and

R-114/l0% oil mixture was 6.2, 6.7 and 5.6 respectively. As

seen with all previous re-entrant tubes tested, comparable
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performance with the smooth tube is observed in the natural

convection region and marked improved performance over the

smooth tube is observed in the nucleate boiling region.

Figures 6.76 and 6.77 show the comparative performance of each

refrigerant/oil mixtures boiling from the Turbo-B tube on

increasing and decreasing heat fluxes respectively. Similar to

the other re-entrant cavity surfaces tested, the R-114/10% oil

mixture had the greatest rate of degradation for increasing

heat flux in the nucleate boiling region.

6. Overall Performance of Smooth and Enhanced Surfaces

Figures 6.78, 6.79 and 6.80 show the comparative

performance of 8 of the 10 tube surfaces tested. The other

two, Thermoexcel-E and GEWA-T 19 fpi, performed similarly to

the Thermoexcel-HE and GEWA-T 26 fpi respectively, and so are

not included. Three distinct groups of tubes can be identified

based upon boiling heat transfer performance at all oil

concentrations. These are: (1) smooth, (2) finned/modified

finned and (3) re-entrant cavity. Within the finned/modified

finned group, it can be seen that the GEWA-T is the best

performer. Its enhanced performance was attributed to its

channel geometry. The High Flux tube in R-114/10% oil mixture

performed comparably to the smooth tube (heat transfer

enhancement was 1.1) at a heat flux of 100 kW/m2. The severe

degradation in performance for the High Flux tube can be

attributed to the 'choking' of the porous surface. Table III
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shows numerically the enhancement in performance over the

smooth tube for all three refrigerant/oil mixtures boiling

from each of the tubes for three heat fluxes of 10, 35 and 100

kW/m2. It can be seen at the moderate heat flux of 35 kW/m2,

the finned/modified finned tubes show enhanced performances of

2.4 to 5.2 over the smooth tube while the re-entrant cavity

tubes show enhancements of 3.8 to 6.7 over the smooth tube.

The effect of oil concentration is significant at high heat

fluxes. At a heat flux of 100 kW/m2 for pure R-114, the finned

and re-entrant cavity tubes show comparable enhancement

compared to the smooth tube. For R-114/10% oil mixtures at a

heat flux of 100 kW/m2, the finned tubes performed best.
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perrormance over the smooth tube up to three, which indicates

48 I

c~x

xx E

0 C

0
x

EOC

0 QE

x 2 V

(0 x

- E
(0~ -L

a)e0

(0
LO

- D

C C L

- D

L L

0 l i ! I (III ]i I I 11J1l 1 I1 I c
o a)x) 0

0 C, C:S0 0
0 cm-

0

62



0

xx
~x

xx

**

CD

0.-

E 0

* .6 0~

C: L
co 2R L

E mn

L- 0 LL

L)L

U-0

0 m -

I III I I 1

CDC 0
C C C
C

63



0
0

0 L
0 Ln

E

z- 0~
LO Q) 0

E ErE

0 Lv

0- :

CO U),

L 0) c

-L u
0 )m 0

0 0

0 0 0
0 0_

64



(0L
C LL

El -E

C 02'
Cv *

CC

L

a 3

xn X

Li

0 u

E z 0

C: CD

65



0

~Lo
0,~

0u

L.I



0 LL

U,-)

NC 
0

ea-

L C) N

C0

CcC

677



0

0 OL

0-

* ao

151 U I

L0 LL

I- E

0-~ LLL

Er

0 CD ~ -

C_ 0 

68



Cl

0 *

LL

No 0

0CL

*0 R

N N
NE E

- E

L

C)-
LO

3:

1- c m~

E E ii)II I 111I

f U) L69



LL
0

L

1- u-cl

0 C 0
-E

t,- u-
CL I

0)
DLx x

o c-

o o

C) f
C CC

C
iC

70



i0

0 LL

0
OL

0~~ LL mE x~

0 , -

iu

ic CO

LHj I

S0 CD

C 0

In IL

- '71



58

CD
CD

< 0
C L

0LL

< LxfL

0n

N co-

0~

nL n

n ou

CD C

:3 0

c -1

<ZN

CC CD

72



0 L

x

L

< L

0-

LO CL

E E E CD

00 '
0 0-

73 LL



0

+0 L

LL :

a 0

* ~ -' Q~fr

D 0 Mm

0 CD 0

0
CDo

___________________74



C:

x0
I0 L

LL o
0 V

(K3

~L

4- N

0 CU
* Lo

L~

0*
LL

3______ <~ <

Ec

CD C:j 0

0 U-0

<40
CD 0 0

~7



iC

C

0

E
L0 (On

E

a) au

a) E
rcr

(i_ s.-i

.tn

c~~ L
c ~ ~ 0 - rLO

-- 4- c v

Lc0

0 N 0 r-
0. m 0

L

a a

LI

C---

L76

N. a) C)0
LL

- C\J 0

-00

OJL!)L76



0I

C

00 U

/L

0

x~ ' 0
x~

cr <

.c(.

Ha a. )
L 00

LLL

CJ LL

I 1 11 1

CDC

CC

77



L
0

C L
0 

(aL

ElE
0xCu

0 LOH

OL I

Ir <

N 0-

a a LO

LLL

0 0<

L

CC 0

CD 0 C C0 0 CD

0

78



C C

0 LL E
*

K 20-

- ' a-a

tn

<L L

-4-

<- -10
(D Eaev

~ C~J L C

0 * 4: 4:

E o

L 7

00

Lo c

0

L).



0

0
0 LL

c 0

0 7- O

L 'T

0 0

:3 0

0 4
<1 L

0i I1'1

CD 0 C0

CD

80



0

C L

0
LL

L 0
Mi La

U En

U, d).

F- LLi

El Cl - Ll) 13)W

II a)
LLL

ci LL

, L

CC

CDC

81



CD

10

x LL

0-L

a,,

0,,
4- T

L 0'
LL LL LL

x

1-L fll I I111 I I
C) CC

0 CD

82



L
0

0, LL

0u

L)

u m

N0 -

Ni L

a)-
L

x

L- LL LL

0~0

co N

III 1)1] I lul 83



0
0

* CL

cLL

aa,

FT * E

C ma

Em

--1

LIJ L

x LCNJ

LL U- 0
e 0Q

c c,
41 )

In .- ' V) 0

u

C C

84



a C

M e
+E

S LL

L0C

r-~

E EE E

a) -

C0 0 0
10 0~ IrC

0 0 0
c0 ~

CDL

L85



/ 12

0

-E

~ LL

0n a)-

cl E iLO

Ea 0

j L
u-u-

-~ a)(a) -1
0 L. L

to CrC.

C CCC
CD _

CD0

86



LnI

a

u-

ro

-4

m- 0-f

L LL

0 0 CD

0 T-

IL IL8I

--- --.... ..



LL E
-$0

C) L

LL

N0 N

Nu

CN

LL

C CD

0 CD
o

0C C
0

CD

88



+ L C)
0

*0

c +

0

x ro
a F-<x x C+* E ~

<n 0

-E-
L

Q0 0
V--

LLW

LL~ LU

0) 0 m

Em i E E ~ e0
0 In l-I I 0 M n

CD 00
00 0 0
00 0D

0 0 0
0D
0

89



**
+h *

U)
L

L:

cx

0 -.

* L O

CD E
m N In

Em-

t ,
o~L LOLL 0

mm

0* 0
CD 0 0

CDa

0 00 f

0 90



-* >X *
x -2

E1 L
U-,

c F-

-a -

-00

M- M

0- r-I

HC Mg ~

~, iI~91



0

0

Ej1 11~H

- N,

4-4

() C-

-4 -4

a a
0'. iO

LL

(U 11)0

Z) CC

92



* m

----- -- -----

7 z

xI

\ H-
Lrl

Ln

-I --
U--_ k

E 2R Nf

1 --

¢ lfC C -
, = " : : I1 1 1 I I l l i i I I I

0 0

03

0

93



w !w

0

0I

OL E

0 

0

3 ~LLfl

L)

c 0 [

E 9

Lo

LL

O o

(" o E u to

11) II 11111 Il I I1IIIl I I

0 00
D 0 0 0CD 0 0 ,'0 0 0

0 "
0

94



*-

CT)

a. c

ol L o

- ID m F

CD

C C

95



CD

0

LL E

00

x :3

MN 07 oL

aO a

,CJ

'~ (a E wi w

CC
0 C C

o 0-

96



LL LL

L 04

(0LTCL U-
-E
L)

I - E L

fow~

0 CL x-

-u

L0)

LU
IT0

C\J

E9



x) x

LL L.

o0 L

E) 0

x

0
LL E

0

OLL
Lfl

-0
6x

L)

0 X

N~ 0

(D -

LO0

C C D
0

C 00 0
0
0

98



00

0 L

00

LLE
0

uflG

<ER
N~ 0n

SLO
-3 E0~

om

C 0 0

C
C

99



I. +~

S CD

-N

ap Li

-"

C< -

LDQ

100W



CD

~L

E E )

E ~.E

C

0 3:

Cc~M L

o
0 0- 5-

CD0

103



CD

Ln

_ 0

to

* j \ €
x *-

CL

LO
0a

xx w
aLn q, --

00 O

E n

L

c co

E u3
1L

I I lll l I ll I

x :3

C

0 104



L
LL

C) p w

E x

E Ow
L X

0O

rNZ

LL L

x L

I o E Lu Lu LU

t L I .

C I

0 CD 0

105



KL E
c 0

Cx DE x1

L nf

E*c

Ui

LCLJ

0I)

3co

-044<

0 0

0 0
0 C

o0

106



CD

0 L

x a

77

CD CO

) Od

107



LIL Li.

0 L Lo u u
EC

*0

0

C:
0

L 0

o- 0) (
Lii

Li 0

*0 0-
L)

L

U:)

C 0

00 0CD
0 o

108



C3
C3

x xD

LL- L-

o u
LO X

x

L
0

- LL E
0

0 LL

LL

COx

0 ma".C

L 0)

O LO'-

oL 0.0)
L
U-

C\i

E

o J ii l 1 I I 1 I ll !l I 11 1 I I

o 
c

0 0 0
CD 0 02
0 0 0

0

109
C DCi



I

x x

LL U_

0 L IL

o u u
E z "1/-) - C

LnL

0 L
0

OL

0LL

F- 0 xF

E &-

L ) LL .

LLL

0 N 0)-

0

110

" LL



0
C

0 m

E E E R6QCD

*~+ LI TI I

+ a)

CD LL :fl

0 .0
nx

11 L

(a L

U~ L
x L~

QI) L

Uu

IL
m

0 CC

0 0
0



0 70

V)( 0 m

+ +~-

*~~~( Li a) L)cm~

L Z

O)L~C 0 * I

+E

- E

ID No 2R L

E LL

E- W

W LL

LUl

0 ~

m

CD 0

0 00

0

112



E

L
0

C LL

c
0

E
L

LLX

7-

Gc 0

u~f

(0

00

0 U-

0 11wHill 11113



0

x

L

0~ ID

0LO

C'oJ
E4

NI
CL I 11111 1111L

a)
o cc 0

0 0 0
0l 0 0

0c

0

114



mC

C

I ~r n- )U

00

Ex .

C Lc- 0-

Ox

o~ a;

N Intc
a)-

p-U-

EL

C L 1 I I lu I l I I I

C C) C
C: 0 0

C) 0 0
o CC

115

V



CDm

4E E E e o

0L :flf

CD

U)

E- o

L 0 L

W z

E ox
0 U

T- LL
Cl C~0-

0 0 0 00

CDC 0 0D
D C0 0

0 ~0

CD116



00

00

z- c c
f- •~~ +m

E E E R

U)L a) LI) 0

L :)--

S-L L " H

0.-I

to- x
N ~Jao 0

-# -- E 0
08 E

UOL

N: 0 L

F 4
0~ 0 XE

O CIL -

C)(1 ND (aC

L

u
M - - 1c

0 ._ -r-

0 CD

CD

1111 I 1111 I 11117

O 0,0

0 00 t0
0r -0

117



IC:

_ E

L)C
- uJ

U -

E u

0 t- a)

* L L

o n

CLL

0*L

0 0 0

118



CD

)( x
3 n1

U- U- -

Eo

0E

LU

C- j

C0-

C)0 LU

cC-

xx
o*a

L

0 L

IL

c~ 0C

00 00
CD CD C

119



0 L

.0

KL

U-

00-

L

0
ON

0 0 00
C 0
0

120



0 Y

_E E E 'R0
cn C( n 0 m -

< *
+ *** *. S + El0

0 LL n
c u

E (
L0 e

Elj Cm E
co ) 0

I--

x 4- LL

El) - x

aT D

0(

121



C

o ma

4-- 4- 4
E E) E CD

(flOf (a n )

L (D -- 0 n-* _I ~ 0: 0

C LL --

r-- C w ~

La
fu U

0)0
n9 E

LL

NL 0

C) x<< LD4>.> IngLO

LL 0 )

o C)C
0 0

C

122



x
L; u

C-E 00'
+j E- E
0 L L

w 0 a) C)I
(p E

L

xx
0

UO

x 0E

C

* ( a

0 CL

ii IiI

*

C00E
L

00 0.
0 00

C 0-.

0 0
12300 0

Ck.-1



0

u uxL -

0 0 D0)
C 0 E r

O L

LL

0
IL

0
U)

L0 C
LOU

E

s-L

u ucr
c LU

EL-

CL .- E
-- LO O

- Eo

L

L

CD

0 0

CDC

124



U-

E E

LL

0

x0 0
(n

-r 0-H

w u
(a*

*0 E m'a)

4) 0
0 E

L(0

:3 m

LL

0 0

oD 0 0
C

125



0
0

iLi
-I LLUI t

x

-- u QxL - -

0 0
4 E E
0 L L

0n 0 D0
a) I)
L

> _0
LL E

0

0U U
(n

E a ,--o-
E x
0-

)
U "- -

cow
( H

K> c- ° - 0
g0-

K>_ LO-
0 u

L

0 0 0

00

0

126

_ .. ,,,..,, -, m .-,,mm mm• mm• mm ,m mm m



0

z 0 0

C" E
I LU

Ul O a)
LL 

)( X 

"

X a) 
a)

Lo
000

~I x L

x-- 0

IX 
- - I

fg 

u

IL

(LLL

0

-- (n a)- m-

cow

EE

L C

4- 
5- 

X
<: x 

0

C

o~ 
ol C 

5

127

(D c

m mm mmmim 
m~m m •mm•Lm



CD

I UJ

uL x x
) C0)0
+,~- E E
0 L L

'a) Err

0 U- E

0
0 LLU

.- Ex)

c0 LU

C: 0 -I

00W

4- X

C) o) 0
r- E

N" C C\ D

LO -

u

C 0 C

C 0 0
C C C

C

128



x X

CL L

0*0

jL

0

E

LIL

c0

mLT0

L

0 IL

E

0I 0 0

0 0 0-
0 c
0

129



LL LL

L L
0 L

-L E

L

0 LL

L/

-x

0 j

.,

to
0 0

0 0

130



CD
0

x

oL L
o u

L

0

0

LL IlL

- a)

L 0-U
0

L V' L

~n

~ gc

Li

.L

E

al--

10

N)

v--

C

131



0

S0

4-- 4J' 4'

A E E E c d C
* Ln (I) tf m r-

Ln

0 OL
CD LL :3

~x

.- m

E L

U) - ) E

lu LCU

-o

LO

oo IT
LJ~

0 00

C0C 0 0
0 0 0
C0

132



EE E RCD

+ +

+ L

LL :3 )

<> 0-
m

L

* ~aQO.0

Em
u CX

c L

o LL

0 :

ccn
C C 0 D
o o L

oC C D
CD

C

133



- 4-- M

E OX j
O C :L -zf >-
O 0) L )~

E -- DC -

DL

m 0

Ex I0 - Io

C o C

134 7



a a- - ,mI~ I .- 1 LL I -
.- O 10 O C'J E C' 0o C\J N' L0 .0

0 )< 0 ) (D
E L - 0Z

0
U- E

0

0 -u

U) a-0

c0c

0-

a) 0
C E

x

C:)

0)

o0

135

....... .....



-C I

-C 4-~ - WO LL
1 f (fl (-\ E= 0 CD

0 C\J I--C L

E ~LH>- £f

0 0

LL
0

wn cn

E Ex
0 C)

4jL
-co

m

L M

m 0

L!

x IL

CD CD C
CD C CD 0

CD0C

136



0 C

0OCJ L

IIt

u D)

/~

0 E V)

c** U- 0

LCL

/o

L

-v

OQ 0 m

CC) <

L 0) (n

l

0
0

o 1 1 1 1 1 li t I I I 1 11 1 I
0 0 0

0) 0 0 0
0 0 0
0 0 0

137

o ,_ .-- j



-~~~~ eJq ~ ~ '~- . 4 ri

~ ~ ~ -E-4
e4 i'~ee~ ~ ~J fn

0
E-

* - Q * - ~ @~ z
on %n 4ne 4 W -- 4,i z

* -~ N eq q eq eq W
- ff ~ ~ *~* , ffE.,4

U c

"i -i 'i A

-~r * q r

*~~~~~- c-cne t* N~~

vi vi q q dw -0

onl kn e4 C4 I*- 4

E-

* - - nn

eel ~ a138



VII. CONCLUSIONS

1. Accurate and repeatable boiling heat-transfer data
using R-114 and R-114/oil mixtures was obtained on ten
enhanced tube surfaces.

2. Three distinct groups of boiling tubes can be
identified by structure and boiling performance:
smooth, finned and reentrant cavity.

3. Significant increase in performance was observed for
reentrant cavity surfaces versus either the finned or
smooth surfaces within the nucleating regime at all
heat fluxes tested.

4. Degradation in boiling performance accompanied
increases in oil concentration within the nucleating
regime. Most notably, the high flux surface performed
comparably to a smooth surface at the highest flux
tested.

5. Within the convection regime all tube surfaces tested
performed equally well. No significant effect of oil
concentration can be observed up to incipient
nucleation.

6. Distinct temperature overshoot within the convection
regime occurs repeatably in all tube surfaces tested.
The reentrant cavity surfaces exhibit the most extreme
overshoot versus either the finned or smooth surfaces.
Oil concentration has no significant effect.
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VIII. RECOMMENDATIONS

1. Due to the way a real flooded evaporator operates, it
would be preferable to heat the tube within the single
tube apparatus with hot water.

2. As a complement to present single tube and bundle tube
studies, the present single tube apparatus should be
modified to accommodate two vertically aligned boiling
tubes in order to study the effects of multiple tubes
and variation of tube pitch to diameter ratios.

3. The physical properties of the R-114/oil mixtures
tested should be measured for comparison to the
predictions used in the data reduction program and for
better understanding of the mechanisms driving the
degradation in heat transfer performance.

4. Neutrally buoyant particles should be placed in the
pool to facilitate study of the circulation patterns
within the flooded evaporator in more detail.

5. A high speed camera should be used to study the
nucleation process and circulation patterns in more
detail.
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APPENDIX A: THEBMOPHYSICAL PROPERTIES OF R-114

The following thermophysical properties of saturated R-l14

are plotted versus temperature °C:

1. Liquid Density (kg/m3)

2. Liquid Dynamic Viscosity (Pa*s)

3. Liquid Thermal Conductivity (W/m*K)

4. Liquid Specific Heat (J/kg*K)

5. Latent Heat (J/kg)
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APPENDIX B: DATA ACQUISITION APPARATUS CALIBRATION

A. BACKGROUND

Early data runs revealed a disparity in calculated values

between previously reported theses and those presently

obtained for heat flux and heat-transfer coefficients. The

thermocouple channels were checked for validity of temperature

readings using other programs and data acquisition equipment.

Their readings were found to be as accurate as possible

(± 3%). Voltage readings originating from the RMS converter

were also checked out as accurate. The RMS converter converts

true voltage measured into a proportional voltage output (0-10

volts) to the data acquisition unit. The proportionality

constant to convert RMS voltage readings, Vs, to real tube

heater voltage, V, was equal to 25. This was verified using a

standard voltmeter across the power leads of the cartridge

heater measured over several power settings. The discrepancy

was identified to be the measurement of the current supplied

to the tube cartridge heater by the VARIAC unit as measured by

the inductive pickup (Figure 3.13). The inductive measurement

of current (in proportional volts) is no longer run through

the RMS converter. Instead, it is run directly to the Data

Acquisition Unit. A procedure to measure the true current and

calculate the proportionality constant for converting the

147



inductive current, Is, to the true current, I, was established

as follows:

B. ZQUIPMENT USED

1. Voltmeter

2. 2 ohm resistor

3. HP-3852A Data Acquisition Unit

4. Computer - HP-9300 Series

5. Current Sensor (Inductive Pickup)

6. Voltage Sensor/RMS Converter

7. Cartridge Heater - 1kW, 220V rating

8. VARIAC - power supply 220V AC

9. SETUP8 program

C. CALIBRATION PROCEDURE

1. Ensure all power is turned off to the VARIAC.

2. Insert the standard 2 ohm resistor in series with the
cartridge heater as shown in Figure C.1.

3. Connect leads of voltmeter across the 2 ohm resistor to
measure the drop in voltage. At any given power
setting, the current through the resistor will equal
the current through the cartridge heater. This assumes
the resistances of both heater and resistor are
constant. This was verified as shown in Figure C.2. The
total resistance of the heater/resistor rapidly and
asymptotically approached a constant value.

4. Connect power to the VARIAC.

5. Load and run SETUP8 program to provide the voltage and
current readings made by the data acquisition unit.
Note the SETUP8 program used in calibration differed
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J1

from that listed in Appendix G. A proportionality
constant of 2.0 was assumed for calibration then
modified once the true value was calculated.

6. Starting with che VARIAC set at zero volts,
incrementally increase the voltage up to the maximum of
220V.

7. At each voltage, measure the drop in voltage across the
resistor. The current (amps) is calculated:

I = Drop in voltage (volts) / 2 ohms

8. Note and compare the current provided by the program.

9. At the maximum 220V, incrementally decrease voltage
down to 0, taking comparative current readings as
before, in order to detect any hysteresis effect. None
was observed.

10. Plot current (amps) vs. voltage (volts). See Figure
C.3. Note the linearity of both data sets. The true
meter reading is some factor smaller than the data
acquisition readings.

11. The calibration constant,C, is calculated by:
C = (E Meter current) * 2

(F Data acquisition current)
C = 1.9182

D. DISCUSSION

A disparity between the previous reported theses values

and those presently obtained still exists. Calculated values

reported in previous theses for the heat flux and the heat

transfer coefficient are consistently higher. No previous

thesis reports such a calibration as carried out above and it

is thought that this is the cause of the discrepancy.
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APPENDIX C: AN EXAMPLE OF REPRESENTATIVE DATA RUN

Month, date and time : S Jul 1991 17:21:51

NOTE: ProGrim name DRP8
Disk number - SI
Ne file name: DATA7I515
TC to dfecto at location 2
Tube Number: 5

Date Sot Number - I Bulk oil I - 6.0 2.1154553995
TC No: I 2 3 4 9 6 7 6
Tem : S.11 6.66 5.15 s.01 5.12 9.69 9.69 s.11
Two Tljqd Tlsqd2 Tvew"o Peat Tutmp
5.69 2.36 2.25 3.91 -1.65 -13.0

Thetmb Wtube Odp
2.770 I.59$E+02 4.46SE+82

Data Set Number - 2 Bulk Oil 1 , 0.O 2.116,45539033
TC No: I 2 3 4 S 6 7 *Temp : 4.94 .00 S.64 4.67 4.99 4.35 4.36 4.98
Toe ?iied TIlld2 Tware Peat Tsumtp
4.25 2.23 2.16 3.29 -1.76 -13.7

Thetob Ittube OdP
2.740 1.63F+82 4.391E4&2

ata Set Number * 3 Bulk Oil I . 6.6 2.116465397S6
TC No.: I 2 3 4 5 6 7 9
Tmp : 5.06 0.6 6.19 6.35 5.14 3.63 5.11 5I.19
Two Tljid Tlad2 Tvwpr Poet Tomp
6.07 2.33 2.16 3.27 -1.69 -13.6

Thetab Ntube Od.
3.006 1.694E02 6.446E+62

ote Set Number - 4 sulk Oal 2 - 6.6 2.1194S9397BO
TC NO: I 2 3 4 9 6 7 a
Tenm : 6.12 0.96 6.23 6.62 6.19 5.14 6.19 5.19

Two Tlijd Tlead2 Tvapr Pest Teutp
5.12 2.33 2.19 3.29 -1.67 -13.6
Theteb Ntubs Go
3.26 1.1626+42 6.43M42

bata Sot Number - 5 Bulk oil I - 0.6 2.11USS4;628
TC NO: I 2 3 4 5 5 7 8
Tew : 7.13 6.00 7.27 6.97 7.24 7.15 7.17 7.2S

Tue Tl iqd TJ Ad2 Tvapr Peat Toum
7.13 2.24 2.13 2.22 -1.77 -m13.

Thatob Ntube Odp
4.934 1.7219+02 8.834+42

Data Sot Number - 5 Bulk oil % . 6.6 2.11494666TC NO: I 2 3 4 1 ; 7 6
Temp 7.0 6.66 7.2S 5.31 7.21 7.13 7.1S 7.20
Tue Thiad Tlxqd2 Tvapr Post Toump
7.11 2.20 2.12 2.91 -1.1 -13.5

Thetab Wtuba Odp
4.94 1 .7E,,2 6.034E#62

Dots Sot Nmber - 7 Bulk Oil 
" 
. @.8 2.11SS41823TC Iles 2 3 4 5 6 7 a

Temp 3 .3: 6.40 9.74 3.35 9.71 9.16 3.62 3.7STue ThIgi Tla4d2 Tvie Poet Tomp

S.17 2.47 2.22 2.34 -1.51 -13.5
Thatb Ntube p -
7.223 1.963+842 1.34K+43
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Data Sat Number -, 8 Bulk Oil,,% - 9.9 2.115455415
TC o: 2 3 4 5 5 7 a
Tana 9.33 8.00 9.52 9.11 9.49 9.37 9.39 9.59
Two Tlipd Tliad2 Tvapr Pat Taum"

9.33 2.21 2.13 2.82 -1.8 -13.S
Thetab INtubs ado
7.16S 1.974E+82 1.343E+03

Data Set Number - 9 Blk Oil 2 0 .9 2.225I4546
TC No: 2 2 3 4 5 & 7 a
Temp ;26.99 9.18 22.53 22.99 22.58 22.39 22.49 22.69
T
wo Tilmed Tjiac2 Tvapr Post Tsump
12.25 2.38 2.15 2.66 -1.73 -13.5
Thoptob 1Ntubs COP
9.026 12693E+02 1.772E+93

Date Set Number - If Blk Oil I - 9.9 2.2254S54259
TC No: 2 2 3 A 5 5 7 a
Tamp , )I."8 9."8 1.52 21.99 22.59 22.37 12.49 22.42
Two Titad Tliad2 Tvap- Post Taump
22.26 2.32 2.22 2.57 -2.59 -23.5
Thetab Wtube Od.
9.998 1277E102 1.777E+93

Dote Set Number - 12 Bulk Oil 2 - 9.9 2.2254554289
TCNo: 2 2 3 4 5 5 7 9
Tea :21.45 9.18 12.32 22.93 12.39 22.19 12.21 12.19
Two Tiled Tljtd2 Teen.- Pat Taump
11.99 2.24 2.17 2.57 -2.75 -23.5
Thatab Ntub* adop
9.703 2.674E+92 2.929E+93

Data Set Number - 22 Bulk. Oil 2 - 8.9 2.22545541223
TC Wo: 2 2 3 4 5 5 7 a
lamp : 22.59 G."18 2.39 12.97 12.35 22.24 22.25 22.24
Two Tisod Tliad2 Tvapr Peast Teump
22.94 2.25 2.29 2.59 -2.74 -23.5
Thatab Htuba 011p
9.914 2.9651442 2.027E+93

Data Sat Number - 13 Bulk. Oil I - 0.9 2.21545542299
TC No: 2 2 3 4 S 5 7 a
Temp : 12.08 S."18 3.22 12.72 23.09 12.98 12.99 22.92
Tue Tlsod Tlaad2 Tva.- Peat Tsump
22.74 2.22 2.20 2.96 -2.71 -23.5
T2.atab Wtubs a*i
10.527 2.122+02 2.223E+93

Data Set Number - 24 Bulk. Oil I - 0.9 2.2 2545542325
TCNM: 2 2 3 4 5 5 7 a
Tea 1 22.92 9.10 13.05 12.57 13.83 12.92 12.94 22.75
Two Tlhpd TIAod2 Tva.- Pest Teump
22.59 2.29 2.27 2.9W -1.79 -13.5
Thetab Htube afti
19.494 2.2291+62 2.214+3

Data Set Number - 15 Bulk. Oil I - 9.9 2.2 2545542512
TONo. 1 2 3 4 6 6 7 9
Temp s 12.55 9 1 3.93 13.53 13.92 23.72 23.73 13.43
Two Used Tltai2 Tvapr Peat Teumo
13.42 2.29 2.26 2.92 -1.72 -13.5
Theteb Ntube 0111p
11.239 2.129+142 2.452E+93

154



Date Set Number - 6 BIulk Oil % 9 .8 2.11549942534
TC No'. I 2 3 4 5 6 7 8
Tamp %12.62 6.66 13.89 13.61 13.93 13.7S M379 13.47
Two Tlid Tl3pd2 Tvapr Post Touno
13.46 2.26 2.2? 2.91 -1.72 -i3.s
Thetab Htube Oda
I1.217 2.103E+92 2.449E643

Doats Set Number - 17 Bulk Oil 2 - 6.8 2.1I64SS43206
TC N: 1 2 3 4 S 6 7 9
Tamp : 2.89 8.46 2.74 2.69 2.69 2.S9 2.57 2.68T

wo Tliad Tlid2 Iveor Post 
T

sump
2.98 2.44 2.19 2.0) -1.64 -13.S

Thetab Illub& Gdo
.278 1.126E+04 3.036E+03

Dots Sot Number - to Bulk Oil 0 .6 2.11649943229
TC No, 1 2 3 4 9 6 7 8Tamp : 2.86 G.88 2.71 2.66 2.67 2.S6 2.65 2.65
two Tla4d Tiled2 ?vapr Post TeumP
2.56 2.39 2.1s 1.98 -1.69 -23.6

Theac "ltub* Qdp
.288 1. M2644 3.029E4.93

Oate got Number - 19 Bulk Oil I - 6.6 2.2264S943436
7C No: 1 2 3 4 6 6 7 aTemp : 3.215960 2.37 2.62 2.92 2.79 2.7S 2.91
Two Tild Tliqd2 TweP,. Past Teunp
2-14 2.41 2.17 2.69 -2.67 -23.9

Thetab Iltube OdP
.472 S.976E6463 4.923E63

Dots Set Numnber - 26 Bulk 0i1 I - 6.6 2.1164SS43669
IC No: I 2 3 4 9 7 3
Tamp , 3.12 6.66 2.93 2.89 2.89 2.79 2.72 2.38
Two 

T
liqd Thuad? Tiep, Pat Toump

2.73 2.47 2.29 2.66 -1.62 -13.6
Thatch Iltube Odp

.394 1.144E*44 4.6666403

Date Set Number - 21 Bulk Oi1 I . 4.f 2.11649943579
TC Not I 2 3 4 6 6 7 a
Twop 1 3.02 6.66 2.33 2.79 2.73 2.64 2.62 2.77
Twa Thued Tled2 Tweer post Townp
2.62 2.37 2.9 1.96 -1.74 -13.6,

Thatch Iltub., OdP
.334 1.129+44 4.15266.63

Data Set Number - 22 Bullk Oil I * 0.6 2.11S46643929
TC N: 2 2 3 4 S 6 7 9Tam : 3.46 6.66 3.26 3.16 3.26 2.36 2.61 3.14
Two Tled Tled? Twap. Post linup
2.39 2.41 2.25 2.76 -1.67 -23.6

Thatelt Itubo aft
.663 1. 1781#& 7.099E693

Data got Number. - 23 Bulk Oil 2 - 0.6 2.12164664366
TC Nag I 2 3 4 6 6 7 6
lowp : 3.44 6.66 3.13 3.16 3.14 2.36 2.66 3.13
Two Tlsd UAWed Yv'ew Peat Tsump
2.68 2.39 2.16 2.37 -2.69 -23.5
Theac Iltubo OdP

.612 2.2586644 7.OWS14i
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Date Set Numb r - 24 Bulk Oil 1 0 6.6 2.11545544709TC No: 1 2 3 4 5 6 7 a
T

ema : 3.9S 6.6 3.S6 3.G5 3.50 3.29 3.26 3.52
Two Tliajd Tlaad2 T .apr Psat 

T
aump

3.12 2.35 2.17 2.71 -1.69 -13.6
Thatab Htubs Odp

.857 1.279E+04 1.096+94

Data Set Number - 25 Duli Oil I - 6.6 2.11S45S44732
TC No: 1 2 3 4 5 6 7 a
Ta : 3.9S 0.08 3.5G 3.5S 3.49 3.28 3.19 3.52
Two Tlid Tlad: Tyaor Peat Taunp
3.32 2.35 2.16 2.75 -1.76 -13.6

Thetab Wtub Odo
.659 1.279E04 1.09E +04

Data Set Number - 25 Bulk Oil 2 - i0.6 2.1164S546094
TC No: I 2 3 4 S 5 7 6
Tom : 4.49 8.60 3.92 3.95 3.6S 3.62 3.49 3.92
Two Tliad TlAQd2 Tvapr Peat Taump
3.36 2.39 2.19 2.07 -1.57 -13.5

Thetab Htuba ado
1.073 1.41IE 4 1.5laG64

Dats Sat Number - 27 luIk Oil 2 - 0.6 2.111S545119
TC NO: 3 2 3 4 5 6 7 a
Tem : 4.4S 6.6 3.69 3.93 3.63 3.60 3.45 3.89

Twa Tliad Tl&od2 Twopr Peat Taump
3.33 2.33 2.1S 2.04 -3.72 -33.G

Thatab Ntuba QdP
3.692 1.3651E4O 1.112E546

Data Sat Number - 26 Bulk Oil 2 - 6.0 2.14114S1S46
TC No: 1 2 3 4 5 5 7 a
Ta : 1.12 8.00 4.37 4.43 4.27 4.64 3.6 4.40
T" Tliad Tlsed2 Tver Past 

T
eump

3.$S 2.3S 2.17 2.0 -1.76 -13.5
Thetab Itubo Od
1.329 1.437E14 3.3KE31 4

Data Sat Numbar - 29 Bulk Oil I " 0.6 2.1141SS4144
TC No: 3 2 3 4 1 5 7 a
Tom : 6.12 0.60 4.36 4.42 4.21 4.83 3.B4 4.39
Toa Tlid TlIad2 Tvlaw. Paet Taump
3.64 2.34 2.16 2.87 -3.71 -13.6

Thetab Wtube Op
1.323 3.4336+04 1.96E54

Data Sat Number - 36 Sullk Oil I - 0.0 2.11S4146228
TC No: 2 3 A 6 6 7 a
Ta .4 : .47 6.66 1.21 6.39 1.33 4.20 4.1 1.33
Twa TIlad TAad2 Tvaer Poat Taump
4.23 2.31 2.1 2.10 -1.72 -13.1

Thatab Itube ad
1.209 I.U4 2.993E4

Data Sot luber - 31 Bullk Oil 2 - 0.6 2.l114M240
TCMe! 3 2 3 A 1 S 7 a
Tom : 5.41 6.66 1.23 1.37 1.69 4.66 4.17 S.31
Te TIlad T14od2 Tvapr Piat Taump
4.22 2.27 2.1S 2.08 -1.71 -13.6

Thetab Ntuba aft
'.003 1.497 44 2.996+4
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Oats Sot Number - 32 BuJ 021 2 - 8.8 2.))4SSS 9
TC No: 1 2 3 4 S 1 7 a
T

amp : 3.99 8.0 6.66 1.92 8.39 8.17 8.57 6.63
Two Tliqd T1d2 Tvapr Past Tsurm

8.16 2.33 2.18 2.13 -1.71 -13.4
Thatab Ntubd Odp

2.919 1.559E84 4.535£ 94

Data'Sat Number - 33 Bulk Oil 2 - 9.0 2.115488451;2
TC No: 2 2 3 A 8 8 7 a

Temp : 8.97 1.81 6.64 6.94 8.37 6.14 5.88 6.62
Two Tijod Tliqd2 

T
vepr Peat Teumtp

5.15 2.30 2.17 2.19 -1.73 -13.3
Thetab Ntube OdP
2.911 1.56E 041 4.53)E2i4

Data Set Number - 34 Bulk Oil X " 9. 2.1148s84852
TC No: 2 3 A 5 8 7 8
Temp : 12.8S 8.68 8.98 9.39 8.84 8.86 1.98 6.88
;wa Tiad Tlmod2 Twapr Peat Tsump
8.83 2.29 2.21 2.1S -2.74 -13.2

Thetab Wtube OdP
4.386; 1.632E 04 7.028 484

Date Sat Number - 35 Bulk Oil I - 0.8 2.1154 46996
TC me: 2 2 3 4 S 6 7 8
Tam : 22.89 8.80 9.81 9.42 3.87 3.69 6.9 9.160
Two Tlm1d TIJpd2 Tyepr Peat Tsum
6.85 2.31 2.19 2.1 -2.71 -13.2
Theteb Htuba Odo
4.315 2.527E44 7.02 9 4

Data Set Number - '36 Bulk Oil 2 - 0.9 2.1148547287
TC No: 2 2 3 4 8 5 7 1
Temp * 16.96 0.6 22.3 11.72 26.87 16.64 9.28 16.43
To T110d Tlaod2 Tvapr Past Tounp
7.94 2.23 2.1 2.14 -2.77 -12.9

Thetab tube Ods
8i.649 1.694E,04 9.89E144

Date Set Number - 37 Bulk Oil I - 0.0 2.11648847291
TC no: 2 2 3 A 8 6 7 a
Temp * 16.21 0.0 11.39 11.821 1.89 18.7 9.26 26.48
Two TMlad Tljld2 Trapr Peat Tewap
7.37 2.26 2.1 2.17 -2.78 -12.9

Thatab Wtube Oda

8.586 1.692E494 3.S72E4
NOTE: 37 date runs were stored In file DATA67681S

MOTE: 37 X-Y pears ere stareod in plot data file PL0T767818
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APPENDIX D: SAMPLE CALCULATION

Data run number 9 (saturation temperature was 2.22 °C and

heat flux was 20.14 kW/m2) was chosen for the sample

calculation.

A. TEST-SECTION DIMENSIONS

Do = 0.01588 m
Di = 0.01270 m
Dl = 0.01143 m
D2 = 0.01588 m
L = 0.20320 m
Lu = 0.07620 m

B. MEASURED PARAMETERS

V = 112.08 volts
I = 1.94 volts
T1 = 16.51 "C
T2 = 15.80 'C
T3 = 15.88 "C
T4 = 15.93 "C
T5 not read due to defective thermocouple
T6 = 15.94 "C
T7 = 15.63 'C
T8 = 16.16 "C
Tsat = 2.22 "C
kc = 344.00 (W/reK)

C. OUTER WALL TEMPERATURE OF THE BOILING TUBE

p = %Do = 3.1416 - 0.01588 = 0.0499 (m)
Ac = x(Do 2-Di 2)/4 = 3.1416 - [(0.01588)2-(0.0127)2]/4
Ac = 7.14E-5 (M2 )
Qh = VI = 112.08 1.94 = 217.44 (W)
Tavg = E Tn /n = 15.97 ('C)
Two = Tavg - Qh- [ ln(D2/D1) / (2.x.L. kc) ]
Two = 15.97 - 217.44-

[ln(15.88/11.43)/(2-3.1416.0.203-344)]
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Two 15.80 (*C)
e Two - Tsat = 15.80 - 2.22 = 13.58 °C

D. PROPERTIES OF R-114 AT FILM TEMPERATURE

Tf (Two+Tsat)/2 = (15.80+2.22)/2 = 9.01 °C
exp[-4.4636 + (1011.47/Tf)] 1E-3
exp[-4.4636+(1011.47/9.01) - 1E-3 = 4.16E-4
(N- s/M 2)

Tc Critical Temperature (R) = 753.95 (R)
Tf 9.01 ('C) = 507.89 (R)
j 1 - Tf(R)/Tc(R) = 1 - 507.89/753.95 = 0.33
p 581.77 + 984.15- j(1/3 1 + 263.02.j + 279.99. j1/ 2  +

17.94- j 2  (kg/M3)
p 1504.22 (kg/M3)
V p/p = 4.16E-4/1504.22 = 2.77E-7
k 7.10E-2 - (2.61E-4 Tf(°C))
k 7.10E-2 - (2.61E-4 9.01) = 6.86E-2 (W/m-K)
Tf = 9.01 ('C) = 282.16 (K)
Cp = 400 + (1.65 Tf) + (1.51E-3 - Tf 2 ) - (6.68E-7

T f 3)
Cp = 970.43 (J/kg-K)
a = k/p.Cp = 6.86E-2/(1504.22"970.43) = 4.7E-8 (m2/s)
P -(Ap/AT)/p = 1.92E-3 (1/K)
Pr v/a = 5.88

E. HEAT-FLUX CALCULATION

Average natural-convection heat transfer coefficient at
non-boiling ends:

h~ ~ ~ ~ ~g =P_060037.-[g (Do3)'-0"Tanh(m'Lu) 11/6 12vah.

Do [1+ (0.559/Pr) 9/16] 8/27

m = [h.p/(kc-Ac) ]112

h = 235.4 (W/m2 - K)

The value for h was computed iteratively. A value for h of 190
(W/m2"K) was assumed at start of iteration.

Heat-transfer rate through non-boiling ends:

m = 21.87 (1/m)
Qf (h-p-kc-Ac) 12-e-Tanh(m. Lu) = 6.79 (W)
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Heat flux through active boiling surface

Q = Qh - 2-Qf = 217.44 - 2 -6.79 =203.85 (W)
Ab = a-Do-L = 3.1416 -0.015875 -0.2032 = 1.O1E-2 (in2 )

q = Q/Ab =203.85/1.02E-2 =20,108 (W/M2)
h = q/0 20,108/13.59 = 1480 (W/m' 2 K)

The following are the results obtained from the computer
by running the data reduction program DRP8 (See Appendix H).

q"= 20,140 (W/n2 )
0 = 13.64 (*C)
h = 1477 (WmK)
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TABLE IV. DIMENSIONS OF BOILING TUBES

Dl D2 Di Do L Lu Kcu
(mm) (mm) (mm) (mm) (mm) (mm) 06

Smooth 12.44 15.88 12.70 15.88 203.2 76.20 344

GEWA-K 10.1 12.7 11.11 12.7 203.2 76.2 344
26 fpi

GEWA-K 10.1 12.7 11.11 12.7 203.2 76.2 344
40 fpi

GEWA-T 11.57 13.8 11.8 13.31 203.2 76.2 398
19 fpi

GEWA-T 11.57 13.8 11.8 13.31 203.2 76.2 398
26 fpi

GEWA-YX 11.57 13.8 11.8 13.31 203.2 76.2 398
26 fpi -

Thermoexcel- 11.57 13.8 11.8 13.31 203.2 76.2 398
E

Thermoexcel- 11.57 13.8 11.8 13.31 203.2 76.2 398
HE

Turbo-B 11.57 13.8 11.8 15.8 203.2 76.2 398

High Flux 12.95 15.82 13.2 15.82 203.2 76.2 45
(Copper/
Nickel
95/5)
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APPENDIX E: UNCERTAINTY ANALYSES

Four data points from two data runs were chosen for the

uncertainty analysis: data run number 8 (smooth tube, 0% oil,

100,000 & 3500 W/m2) and data run number 74 (Thermoexcel-E, 0%

oil, 6000 & 100,000 W/m2. The dimensions of the boiling tubes

can be found in Appendix D, Table IV. The measured and

calculated parameters used in this analysis were obtained as

shown in Appendix D and are listed in Table V of this

appendix. All uncertainties are presented as a percentage of

the calculated parameter. What follows is a sample calculation

for data run number 8: smooth tube, 0% oil at a heat flux of

93,130 W/m2 using the methods outlined by Kline and McClintock

[Ref. 17]. All other data point uncertainties were calculated

similarly, the results of which are listed in Table V of this

appendix.

A. UNCERTAINTY IN SOURCE HEAT-TRANSFER RATE

Qh = VI W
Is = 2.122 volts 61 = ± 0.025 amp
Vs = 9.45 volts 8V = ± 0.05 volts
I = 1.9182.Is = 4.07 amp
V = 25Vs = 236.26 volts

where:

b = uncertainty in measurement and calculation

bQh/Qh = ((aV/Vs) 2 + (aI/Is)2)112

bQh/Qh = ((0.05/9.45)2 + (0.025/2.122)2)1.2
8Qh/Qh = 1.29 percent
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B. UNCERTAINTY IN SURFACE AREA

Ab = iv-Do'L
Do = 15.88 (mm) 8Do = 0.1 (mm)
L = 203.20 (mm) 8L = 0.1 (mm)

8Ab/Ab = ((SDo/Do) 2 + (8L/L) 2)1/2

8Ab/Ab = ((0.1/15.88)2 + (0.1/203.2)2)1/2
8Ab/Ab = 0.63 percent

C. UNCERTAINTY IN WALL SUPERHEAT

AT = Two - Tsat

Tsat 2.22 "C 8T = 0.01 °C

Two = Tavg - Qh[(ln(D2/Dl))/(2"w'L-kc)]
Tavg (FTn/8) where n = 1 to 8
Tn = thermocouple readings
T1 = 23.86 °C T2 = 19.62 °C T3= 20.38 °C
T4 = 19.87 °C T5 = Defective thermocouple
T6 = 20.18 "C T7 = 20.16 °C T8 = 20.20 °C
Tavg = 20.18 °C

S.D. = ((F(Tn - Tavg)2)/7)112  = 0.19 °C
where S.D. = standard deviation

The logarithmic term in equation of Two is very small
compared to the standard deviation, this term can be neglected
for the uncertainty analysis.

Two = Tavg = 18.72 "C 8Two = S.D. = 0.19 *C

AT = 17.96 "C

8AT/AT = ((8Two/AT) 2 + (-STsat/AT)2)"/2

8AT/AT = ((0.93/16.5)2 + (0.01/16.5)2)1/2

8AT/AT = 1.06 percent

D. UNCERTAINTY IN HEAT FLUX

q = (Qh-2Qf)/Ab

Qh = 961.58 W 8Qh = 12.42 W
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Assuming the same proportion in the uncertainty for Qf:

Qf 8.99 W 8Qf= 0.12 W

Qh - 2Qf = 943.6 W

bq/q = [(bQh/(Qh-2Qf) ) 2  + (26Qf/(Qh-2Qf) ) 2) +
(aAb/Ab) 2) ] 1/2

bqlq = [(12.42/943.6)2 + (0.24/943.6)2 + (0.0063)211/2
bq/q = 1.46 percent

E. UNCERTAINTY IN BOILING HEAT-TRANSFER COEFFICIENT

h q/AT

8h/h = [(8q/q) 2 + (8AT/AT) 2]1 1 2

8h/h = [(0.0146)2 + (0.01.06)2]112
8h/h = 1.8 percent
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TABLE V. UNCERTAINTY ANALYSIS OF FOUR DATA POINTS

PARAMETERS SMOOTH SMOOTH THERMO-E THERMO-E
100 kW/m2  3500 W/m2  6000 W/m 2  100 kW/m2

Is (amp) 2.122 0.454 0.494 2.06

Vs (volts) 9.45 2.09 2.20 8.88

I (amp) 4.07 0.90 0.98 3.95

8I (amp) 0.025 0.025 0.025 0.025

V (volts) 236.26 52.29 55.28 222.05

8V (volts) 0.05 0.05 0.05 0.05

Qh (W) 961.58 47.06 54.17 877.1

8Qh (W) 12.42 2.83 3.00 7.43

8Qh/Qh (%) 1.29 6.00 5.55 0.85

Do (mm) 15.88 15.88 13.31 13.31

8Do (mm) 0.1 0.1 0.1 0.1

L (mm) 203.2 203.2 203.2 203.2

6L (mm) 0.1 0.1 0.1 0.1

Ab (M2 ) 1.014E-2 1.014E-2 8.50E-3 8.50E-3

8Ab/Ab (%) 0.63 0.63 0.75 0.75

8Tsat (C) 0.01 0.01 0.01 0.01

Two (C) 20.18 12.92 2.77 11.13

8Two (*C) 0.19 0.28 8.53E-2 0.36

AT ('C) 17.96 10.70 0.53 9.80

8AT/AT (%) 1.06 2.62 16.20 3.67

Qf (W) 8.99 5.02 5.69 2.91

8Qf 0.12 0.03 0.15 2.48E-2

Qh-2Qf (W) 943.60 37.02 54.06 871.3

q (W/m2) 93,081 3664 6109 102,542

8q/q (%) 1.46 7.67 5.63 1.14

h (W/m2 OK) 5182 342.4 11,200 10,463

8h/h (%) 1.80 8.10 17.15 3.84
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APPENDIX F: SETUP PROGRAM

The following is a listing of the complete setup program

used in the preparation of the apparatus for testing. It

consists of five sections:

1. Monitor the Sump temperature

2. Monitor the evaporator liquid temperature

3. Measurement and readout of all thermocouple channels.

4. Measurement and readout of the power supplied to the
tube cartridge heater.

5. Measurement and readout of the power supplied to the
auxilliary heaters if used.

The program was written in Hewlett-Packard Basic 5.0 for both

the Hewlett-Packard 9300 series computer and 9852A series data

acquisition/control unit.
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I I PROGRfl: SETUP PROGRN FOR HP 395ZA
2 I DATE: AUGUST 13.1991
3 9 PROSIRIR R- LT DEAN SUGIYVAN
13 REAL T(: IZ).Sume(: IZ).Tep(0:12),E( 1:3)
23 ON KEY 0.15 60TO 7
25 PRINTER IS I
V7 PRINT
28 PRINT
30 PRINT USING "4X.""SELECT OPTION"".
31 PRINT USING "SX.""tRONITOR SUMP"""
3Z PRINT USING "6X,---MONITOR LIQUID"""
33 PRINT USING "-X."Z-CHECK THERWOCOUPLES.""
34 PRINT USING "6X."3-CHECK MAIN HEATER""
35 PRINT USING "SX,""4-CHECK AUX HEATERS""
36 PRINT USING -SX,"-,EXIT PROSRII"""
37 PRINT USING "4X."'NOTE: KEY 0 - ESCPE-"
30 BEEP
40 INPUT Ida
41 IF Ido>S THEN Ido-S
4Z IF Ido-0 THEN U0
43 IF Ido-i THEN 1SS
44 IF Ide-Z THEN IBS
45 IF Ido-3 THEN 2WJ
46 IF Ido-4 THEN ZW
47 If Ido-S THEN ZS2
46 PRINT
491
so PRINT
61 PRINT "1UW TERPERATURE DES C "
53 PRINT
S4 OUTPUT 7*gv"RST"
1s Tot-*
S5 FOR J1 TO S
O OUTPUT 706i"CONFMERS TERPT.511.USE 680"
o ENTER 709 1A
I410 Tot-Tot4+
110 NEXT J
lZ Tvqv6 To-t/S
14 PRINT USING "4X.11oD.0D"iTgvg
141 DEEP
142 PRINT
160 WIIT 0
ISt lOTO Ut

i PRINT
156 PRINT "LIQUID TEI'ERTURE DES C"
M14 PRINT
IM OUTPJT 706,"RST"
190 FOR 1-1 TO Z
Is? lulI)-*
163 T(I),4
19a NEXT I
oaf FOR .- 9 TO S
137 OUTPUT 7i2"COWFNEAS TEPTSSS-UU.USE IMo"
18 FOR I- TO 2
IN ENTER 7MT(I)
170 Sum(I)-Sum)4T(I)
171 NEXT I
172 NEXT J
173 FOR I wITO 2
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174 Tomp)( D-Su"( D /5

175 NEXT 1
176 Tavg.(Tamp( 1)4Temp(2))/Z
196 PRINT USING "4X.IOOOO"Tmv
III NEP
192 WAIT 60
133 SOTO 151

165 PRINT
186 PRINT 'CHANNEL TEMPERATURE DES C"
137 OUTPUT 709;"RST"
IUN FOR 1-1 TO 12
In Sum(D)-
1S T(w)-e
132 NEXT I
193 FOR J-1 TO S
194 OUTPUT 709i"COWNEAS TEMPT,S-SII.USE 641"
ISS FOR I-I TO IZ
196 ENTER 79;T(I)
137 m(I)-Sum(I)+T(I)
196 NEXT I
2" NEXT J
201 FOR I-I TO IZ
202 Toep()-Sun(I)/S
203 PRINT TNG(3)sITRU(IS)%Tomp(I)
204 NEXT I
246 KEP
206 WAIT S
207 OTO 18

zoo PRINT
216 OUTPUT 7399sRST"
Z11 FOR 1.1 TO 3
212 Ium(Il-f
ZS1 NEXT I
2I1 FOR J-I TO S
Zl9 OUTPUT 7ogCONFEIRS OCV.SIZ-SI4.USE 6O"
219 FOR 1-1 TO 3
221 ENTER WWIIE(I)
zzz Sum(!)*-1um(IH(I)
Z23 NEXT I
zz NEXT 3
225 ft-0
ZZS FOR I-I TO 3
Z22 IF 1-1 THEN VoltwSu(DI)/S
230 IF 1-2 fN Ido-3 THEN
231 PRINT "NNE SM VOLTME SOX IS SET TO MAIN HEATERS"
232 bp-ISm I)/S
233 ENO IF
234 IF 1-3 00 Id-4 THEN
236 PRINT "NNE SUR VOLTAE SOX IS SET TO AUX HEATERS"

237 Ei IF
233 NEXT I
23 bpSS..I2
240 Volt- (Voqte2l)
241 Pew-Veltotump
24Z falistwene-VoleIt/
243 IF pf THEN Rsetermoe-0
241 PRINT
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156

Z46 EEP
747 PRINT VOLTAGEMV CURRNT(R) RESISTENCE(ahpts) POWER(U
Z46 PRINT
249 PRINT USING "I .S(M2CGCG. 00. 3)" oAqp. .Rsistence.Paojer
75. WAIT S
261 60O Z*9
262 BEEP
ZS3 PRINT
Z54 PRINT
256 END
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APPENDIX G: DATA REDUCTION PROGRAM

The following is a listing of the complete data-reduction

program, DRP8, written in Hewlett-Packard Basic 5.0 for both

the Hewlett-Packard 9300 series computer and 9852A series data

acquisition/control unit.
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190111 FILE WWIE: ORPS
1004! DATE: October 1S. 1964
10061 REVISED: August 14.1931 by LT Dean SuglYama
10121
1016 CON /1*p/ Idp
1020 PRINTER IS 1
1.24 CALL Select
1028 INPUT "WJANT TO SELECT ANOTHER OPTION (-~-)"Ie
1032 IF Ised-I THEN GOTO 1024
1036 BEEP
040 SEEP
10f4 PRINTER IS 1
1049 PRINT "DATA COLLECTION/HEPROCESSING CO9WLETED"
162 END
1656 SU3 mi
IWO0 COM /Idp/ Idp
1064 CON /Cc/ C(7),Ical
1068 CON /iUl/ D2.Di.Oo.L.LuKcu
1072 DINI E,,(IZ).T(12).DOe(131.02e(13).Oia(13).DOa(13).L(13).Lu(13.Kcu(13).
Et1(20).Et2(20)TnO(4)[II.Su,,CZ).T(1Z).Ta(12).Vt(2).VC(2),Ella(12).E(12)
M0G DATA 0. 106661.2527.94369.-76734S.6295.700Z5SS9

1000 DATA -3247406501 .6.27666E41 I-Z.61S2E4I3.3.9476E+I4
1004 REAO Cl.)
10801 DATA "Spooth" Hmgh Flux" ."Theimoexel-E" ."Theruwexel-HE"
1012 DATA Spooth.High Flux ,Tur-bo-B.High Flux ftd.Turbo-O HoW
1066 READ Tno(o)
1100 PRINTER IS 701
1104 SEEP
1100 IF tdp-4 THEN PRINTER IS I
1112 IF 1d-4 THEN SOTO 2032
1116 OUTPUT 706u"RST"
1120 OUTPUT 796i"SE7 TIREOAT"MMIEDATE
1124 OUTPUT 70U,"TIFEDATE"
1121 ENTER 79Dt
1132 PRINT
1136 PRINT VWIonh. date and time :,DATE*IDt).TIIE9(Dt)
1140 PRINT
1144 PRINT USING "l0X."NOTE: Progrm name t DRi"""
114* DEEP
1152 INPUT "ENTER DISK WUUER" .Dn
1166 PRINT USING l6BX.-Oisk ,nbges - "".ZZ"Mn
It"0 DEEP,
1164 INPUT 'ENTER INPUIT ROM (0-3052A.1-FILE)".pim
1160 DEEP
1172 INPUT "SELECT HEATING MOW b-ELECt I.VATER".Ihm
1176 DEEP
I100 IMPUT -ENTER THEMOOPLE TYPE 09-HEl. 1-OL1.I.cal
1114 IF In-# THEN
119O DEP

1112 IIIPT 'GIVE A RAR FOR THE A DATA FILE.O~fjIee
1116 PRINT USING "ISI.""Net file "now: "".14A1"u0jileOl
1200 Siz0I-20
1204 CREATE MDAT 02_fil*$,SiseI
1200 AS10W VileR2 TO 02ji1.0
12121
12161 0IJY FILE UNTIL Nruw KNOW
122o0 Dfijloo-DUUy"
1224 CREATE UDAT 01jilef.Sitai
IM2 0651601W11ile TO 0Oljileo
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IZ3Z OUTPUT SF1lell)t

1Z36 IF Ihm-0 THEN
1240 BEEP

144 INPUT "ENTER NUNER OF DEFECTIVE TCS (04DEFAULT)",Idtc
IZ46 IF Idtc-0 THEN
IZSZ Ldtcl-
1ZS LdtcZ4
IZ60 PRINT USING "IX,-"io defective TCs exist"""
IZ64 END IF
IZS8 IF Idtc-I THEN
IZ72 BEEP
1276 INPUT "ENTER DEFECTIVE TC LOCATION" ,Ldtcl
IZM PRINT USING "I6X.""TC is defective at location "",0'"Ldtcl
1264 LdtcZ29

1Z66 END IF
IZSZ IF Idtc-Z TEN
1296 SEEP
1360 INPUT "ENTER DEFECTIVE TC LOCATIONS".Ldtcl .LdtcZ
1394 PRINT USING "ISX."TC are defective at locations "*.,D4XDDs'Ldtc1,LdtcZ
1368 END IF
131Z IF Jdtc)Z THEN
1316 SEEP
13Z PRINTER IS I
13Z4 BEEP
1326 PRINT "INVALID ENTRY"
1332 PRINTER IS 701
1336 6TO I240
134" END IF
1344 END IF
1346 OUTPUT FIfIelsLdtcILdtc2

13SZ Im-I option
1366 ELSE
1360 SEEP
1364 INPUT "GIVE THE NE OF THE EXISTING DATA FILE".r. dfies
1366 PRINT USING "ISX,"Old file nme: "".14ft",oMf1leS
137Z ASSIGN GFileZ TO 2_1IeS
1375 ENTER IFIle2Nrun
1380 ENTER UFlleZsDt
1384 PRINT USING "ISX,""Thie date set taken on : ".IIAfTE6(Ot)
136 ENTER GFIleZsLdtciLdtc2
139Z IF Ldtclo) OR LdtcZ)0 THEN
1396 PRINT USING "16X.""Thermocouples were defective at locetion@:-",Z(3),4X)*v

Ldtcl .LdtcZ
1400 END IF
1404 ENTER GFIleZilti
146 END IF
1409 Idtc-*
1411 IF Ldtcl)0 THEN Idtc-Idtc I
1412 IF Ldtic)0 THEN Idtc-ldta4l
14131 IF Im- AW Ihs-I THEN ISIS
1416 BEEP
I420 INPUT "UNT TO CREATE A PLOT FILE? (0-N.I-Y)'.Iplot

1424 IF Iplot"1 THEN
1426 SEEP
1432 INPUT "GIVE WE FOR PLOT FILE".P_file
1436 CREATE MOAT P_fiIe*,4
1440 A1SIGN PIot TO PjileS
1444 END IF
1446 IF IhPI THEN
14sz SEEP
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1456 INPUT "WANT TO CREATE Uo FILE? (1-N.-Y)".Iu
1450 IF luf-I THEN
1464 BEEP
1460 INPUT "ENTER Uo FILE NANE",UftleS
1472 CREATE MAT Uf11.4
1476 ASSIGN Ufile TO UflIeS
1490 END IF
1484 BEEP
1488 INPUT "ANT TO CREATE Re FILE? (0-NI-Y)".Ire
1492 IF Ire-I THEN

1496 BEEP
ISM INPUT "ENTER Re FILE NAME",ReflioO
1564 CREATE OAT Ref1le. 10
ISM ASSIGN IMRefile TO RefileS
1512 END IF
1516 END IF
ISZ1 PRINTER IS I
IS4 IF Im- THEN
156Z BEEP
1S32 PRINT USING "4X.'"Select tube number""
IS3 IF Ihm- THEN
1540 PRINT USING "6X""0 Smooth 4 Inch Ref"
1644 PRINT USING "6X.""I Smooth 4 Inch Cu (Press/Slide)""
1648 PRINT USING "6X.""Z Soft Solder 4 Inch Cu""
ISS2 PRINT USING "SX,""3 Soft Solder 4 Inch HIGH FLUX.""
ISS6 PRINT USING "SX.-"4 Wllend Hard 3 Inch."
1560 PRINT USING "SX.""5 HIGH FLUX 3 Inch"""
114 INT USING "SXB EVKI 40 Fine/In""
I116 PRINT USING "X.-"7 UEVA-K Z Fine/in"""
IS72 PMINT USING "EN S"" SEIA-T IS Fine/in""
1576 PRINT USING "SX""U SEUA-T OR GEIA-TY 26 Fins/in"""
IS96 PRINT USING "EX.- "I THERMOEXCELoE""
IS64 PRINT USING "SX.""II THERAOEXCEL-HE""
ISSS PRINlP USING "BX. "l TURBO-3"""
1566 PRINT USING "SN."'13 GEUA-K IS Fins/In""
ISO$ ELSE
ISS1 PRINT USING "SX.0 Smooth tube""
ISIS PRINT USING "X,"l High Flux.""
1OW PRINT USING "5X.-"2 Turbo-B""
1364 PRINT USING "SX.""3 High Flux Nod""
1166 PRINT USING "SX.-"4 Turbo- Mod"
I61? END IF
1616 INPUT Itt
I620 OUTPUT WFilelsItt
1124 END IF
1620 PIJNTER IS 701
163Z IF Itt<l6 THEN PRINT USING "ISX.""Tube Number: "O'$1tt
1636 IF Itt09 THEN PRINT USING "ISX.""Tube Number: "".D ;Itt

1140 IF thm-I THEN PRINT USING "11X,"Tube Type: "",ISAe"Tne(Itt)
1644 BEEP
1640 INPUT "ENTER OUTPUT VERSION (6-LONG. I-SHORT.2-ONE )".Iov
1662 DEEP
INS IUlT "SELECT (0-LIO.1-VrP.Z-(LIo.VfP)/Z)'.Ilqv

|1641 DIMNIONS FO TESTEO TIUS
I1669 ELECTRIC HEATEO fVO
I6721I OI-OMMeter Bt thermocouple psIt tonS
16M DATA .01111S..0111Z5..OI IIZS..OIZS40..1Z446..OIZS40,.OlOOS6 5
IMe DATA .OIa.,.OfIS7..OIIS7..*O117..*01157,.OIS07.OIOSNS

IM64 RE DI8(e)
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16961 02-Diameter of toot section to the base of fine
1700 DATA .015675..0ISVS. .01587..OI5624..015975. .615824..GIZ7e
17.04 DATA .0127..013I6..013..0139..03S..01.27
1766 READ D)Z*(.)
17121
17161 01-Inside diameter of unenhancad ends
1720 DATA.02.07.02,03.02.03.011..115
172 DATA .ll.IS.lS.1S.lB.112
1724 READ Dim(#)
17281
173Z1 Do-Outside diameter of unenhencod ends
1736 DATA.157.057.057.15z.057.062.0 7.027
1737 DATA .01331..01331,.01331,.01331..0l58.01Z7
17401 READ Dos(*)
17441
17431 L-Lsngth of enhanced surf ace
1752 DATA .1016..I16..1016..1016..2032,3..2032.. Z 32..2032,.2032..203..Z
32..ZOJZ..203Z
17S6 READ La(*)
17601
17641 Lu-Ltrgth of unenhanced surface at the *rnds
1766 DATA .0254.02Z54.*.0254.0254. .072*062.. * .07?62 *.0762 * .072*.076 ,,ff76 ..07

1772 READ Lue(*)
17761
17901 Kau-Thernal Conductivity of tube
1794 DATA NS9.344.34.3,34534.34.398.336.398,3NU.316.344
17661 READ Kcue(v 1
1712 IF Ihm-I THEN
17161
1160l Date statements for water heating node
11Will
1I66 DATA .175.067,.110016.1 .0000
1612 READ DUM~s
1916 DATA 0.0127.012I7.0.0145.6.0127.0.014S.0.0.00O.0
1620 READ Dioes)
1124 DATA 0.0I56ThS.61517,.1US .. 01571.0.0161 .0.0.6.00
IRS1 NRED Doews
1632 DATA 0.34..34..36..34..30410.0.0..
1336 MEOW Laos
1640 DATA 0.0254.0.254.0.0254.0.0264 .0.0254.0.0.6.0.6
1844 READ Luoes)
11149 DATA 336.45.396.45.N0.0.0.0.0
1352 MEAD Xcuaeis)
1166 END IF
IM1 02-0(litt)
1114 Di-0i(Itt)
to"1 0010000411)
1672 L-e(Itlk)
117 Lu-Lua(Itt)
1111114 Kaa"cae4Itt)
19114 Xn-.l
1666 Fr-.3
1312 IF Itt-0 THEN Cf-1.76E.9
1IN6 IF 1t400 THEN Cf-3.7037E410
1900 A-e(OWD2.fl12)14
1904 10019e00
1966 IF ItM1 THE
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191Z BEEP
1916 INPUT "TUBE INITIATION NOE. (I-HOT WATER.2-STEAN.3-COLD URTER)".Itim
1920 IF Itim-1 THEN PRINT USING ISX."'Tube Initiate: Hot Uater"""
1924 IF Itim-2 THEN PRINT USING "lGX."Tube Initiate: Steam...'.
1928 IF Itipm3 THEN PRINT USING "l6X,""Tube Initiate: Cold Water'""
1932 INPUT "TEMP/VEL MODE: (9-T-CONST.V-DEC;I-T-DEC.V-CONSTs 2-T-INC.V-CONST) '".
Itv
1936 IF Itv-0 THEN PRINT USING "16X,"Temp/Vel Mode: Constant/Oecroasing"""
1940 IF Itv-1 THEN PRINT USING "IX.""Temp/Vel Mode: Oecreasing/Constan.""
1944 IF ltvoZ THEN PRINT USING "ISX."Temp/Vel Mode: Increasing/Constant"""
1948 INPUT "WANT TO RUN UILSON PLOT? (I-Y.-N)".Iwl
1952 IF I'twl AN Iwil- THEN
1956 IF Itt-0 THEN Ci-.032
1969 IF Itt- OR Itt-3 TEN CI-.069
1964 IF Itt-Z OR ltt-4 THEN Ci-.662
1968 BEEP
1972 INPUT "ENTER CI (DEF: WH-.*32.HF-.669,T9-.662)".CI
197 PRINT USING "1X."Sieder-Tate """
1990 PRINT USING "6X."" Constant - ".Z.40",Ci
1984 END IF
1999 END IF
1992 IF l'mhl AND In-1 AND Iuill THEN
1996 IF Itt.0 THEN Cl-.032
1660 IF ltt-i OR Itt-3 THEN Ci-.059
204 IF Itt-2 OR ltt-4 THEN Ci-.662
2008 ASSIGN PIla2 TO 9
2012 CALL Ullson(Cf.CI)
Z#16 ASSIGN @File2 TO 02ilieO
20 ENTER 6FileZNrun.DvldSLdtcI .Ldtc2.Itt

2024 END IF
2028 Nsub0

2032 IF Idp-4 THEN IhsI
2036 IF Ihml- THEN Nsub-8
ze Nt €-6

2041 IF Ihm-0 THEN Ntc-IZ
244 J-1
2048 Sx-9
2062 Syo0
206 SRO-*
206 Sxy-9
2064 Repeat: I
2069 IF Iw-0 THEN
2072 Dtld-2.ZZ
2076 Ido-Z
200 ON KEY 0.1 ,S ECOVER 2664
2084 PRINTER IS I
2088 PRINT USING "4X."SELECT OPTION""
2062 PRINT USING *SX.""0TME DATA"
2096 IF Ihv-0 THEN PRINT USING "6X."I-SET HEAT FLUX""
Z16 IF lhml THEN PRINT USING "BX.-"I-SET WATER FLOW RMTE"
Z104 PRINT USING "X."2-SET Tet."
Z16 PRINT USING "4X."NOTE: KEY 0 - ESCAPE""
2112 MEEP
2116 INPUT Ido
2120 IF Ido>2 THEN Ido-2
2124 IF Ido-0 THEN 2724

21321 LOOP TO SET HEAT FLUX OR FLOWMETER SETTING
2136 IF Ida-1 THEN
21"0 IF Ihm THEN
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2148 BEEP
2192 INPUT "ENTER DESIRED Qdp",Dadp
2196 PRINT USIN6 *4X,"-cESIREO Qdp ACTUAL Qdp--
2160 Err-tM
2164 FOR 1-1 TO 2
2165 SUI~tI)-*
Z165 Vt(I).0
Z168 NEXT I
2169 OUTPUT 79."RST"
2176 FOR JU-I TO 5
2180 OUTPUT 709a"CoNF#EAS DCV,912-513.USE 600"
2181 FOR 1-1 TO 2
2182 ENTER 70giVt(I)
2184 5irn(I)SUM(I04(l)
2185 NEXT I
Z188 NEXT J1
2189 FOR 1-1 TO 2
2192 IF 1-1 THEN Volt-Sum(l)/S
2196 IF 1.2 THEN AupSug(I)IS
2210 NEXT I
221 ftw.MS(AWeI .12)
2202 Volt-ABS(Yolt*25)
2204 Aqdp Yolt*Api(PI*020L)
2206 IF MS(ftqdp ODvp)Err THEN
2212 IF Aqdp)Oqdp THEN
2216 BEEP 410..2
Z220 BEEP 40M.. .2
2224 SEEP 4100..2
2223 ELSE
2232 BEEP 265. .2
2236 BEEP 265..?
2241 BEEP 265. .2
2244 END IF
2248 PRINT USING "4X.HZ.30E.2X.NZ.30E"s~qdp.AuidP
2252 WAIT 2
2256 SOTO Z164
2280 ELSE
2264 SEEP
2266 PRINT USING -4X.MZ.EOE,2X.MZ.30E"goqdpAqdp
2272 Err-Iso
2276 WAIT 2
2260 80T0 2164
2234 END IF
2269 ELSE
2232 SEEP
2211 INPUT "ENTER FLOWSITER SETTINS" .F.
2310 SOTO 210
2384 END IF
2306 END IF
23121
23161 LOOP TO SET Toat
2320 IF Ido-2 THEN
2324 IF Ikdt-l THEN 2344
2323 SEEP
Z332 INPTf 'ENTER DESIRED Toat" ,Otld
23361 PRINT USING "4X."" OTeat ATat Rat* Tv Rut."".
2340 Ikdt-I
2344 Oldl-6
2346 01d2-0
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2355 Nrs-Nn MOD 15
2366 Nn-Nn4I
2364 IF Nrs-l THEN
2365 IF Ihm-0 THEN PRINT USING "4X."" Tent Tidi Tld2 Tv Tsupi

2368 IF Ihw,-1 THEN PRINT USING "4X."" Tool Tidl TldZ Tv Tsupi; Tinle
t Tpile Tout"""
2372 END IF
Z373 FOR 1-1 TO 6
2374 Sum(I)40
2375 NEXT I
2375 OUTPUT 791"RST"
2377 FOR Ji-1 TO 20
2379 IF lhp-6 THEN OUTPUT 792i"CONFHEAS TEWFT.S08S9-5IUSE 600"
2360 IF lhoq-I THEN OUTPUT 7091"CONFNEAS TE9PT.355-3*S.USE 66m"
2364 FOR 1-1 TO 6
2388 IF 11w-S AND 1>4 THEN 2401
2392 ENTER 7*SsEllq(I)
2396 Summ(DI Sumo( I E1 IqI )
2465 NEXT I
2401 NEXT 31
2402 FOR 1-1 TO 6
2Z03 IF Iti-S AND 1>4 THEN 2495
Z416 Ellq(l)-5un(l)/2S
2424 IF 1-1 THEN Tldl1Eliq(I)
Z29 IF 1-2 THEN Tld2-E1iq(l2
2432 IF 1-3 THEN Tv-Ellq(X)
2436 IF 1-4 THEN Tsup.E11q(I)
2440 IF I-S THEN Tinlet.Ellq(l)
2444 IF 1-6 THEN Tout-EllqCI)
24"9 NEXT I
2452 IF Ihm-1 THEN
2456 suml0
2465 OUTPUT 709i"RST"
2468 FOR Kk-i TO 20
2469 OUTPUT M69;"CONHEAS TEMPT.325.USE 6SW
2472 ENTER 706sE1
2475 SuemISuesl*EI
2466 NEXT Kk
2464 Eaf(7)2M5C Suni/Zf)
2486 Tpill-EvoI(7)/3.99E-4
2492 END) IF
Z496 Atld-(Tldl4Tld )*.5
2566 IF M5O(Atld-Dtld)>.Z THEN
2554 IF htld>Dtld THEN
2566 SEEP 4066..2
2512 SEEP 4066..?
2516 SEEP 46..2
2520 ELSE
2524 BEEP 250. .2
2526 SEEP Z56..2
2532 SEEP 250. .2
2536 END IF
2540 Errl-Atld-OldI
2544 Oldi-Atld
2546 Err-Tv-01d2
2552 Oldi-Tv
2153 IF TldI>100. THEN 2572
2556 IF lium- THEN PRINT USING -4X.S(NDO.D.X)",tld.Tldl.Tld2.Tv.Tump
2560 IF 11w-I MN Idpo0 THEN PRINT USING 4X.7(IMO.D2X)",OtldTld1.Tld2.Tv.To
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usNp.TlnItltTpile
2564 IF Ihm-I AND Idp-4 THEN PRINT USINGi "4X.SCNDO.D.ZX),3(N3D.OO.ZX),tDtld.T
dl .Tid2,Tv.TsunpTinletTp11o.TeuA
2568 WAIT 2
2572 60TO 2356
2576 ELSE
2566 IF ASAtld-Otld)>.l THEN
Z584 IF Atld)Otld THEN
2588 BEEP 30W. .2
2592 BEEP 3000, .2
2596 ELSE
2GMt BEEP 900..2
2664 BEEP SM ..2
2608 END IF
2612 ErrI*Atld-OldI
2616 Oldl-Atld
2620 Err2-Tv-01d2
2624 Old2-Tv
2628 IF Ihoo-O THEN PRINT USING "4X.5(NOO.DO,2X)"oDtld.Tldl.Tld.Tv.Tump
2632 IF Ihts-1 THEN PRINT USING -4X.5(NOO.OO.2X).3(M3O.OD,1X)"itltd.TldI TldZ.lv

2536 WAIT Z
2640 SOTO 2356
Z644 ELSE
2648 BEEP
2652 ErrlIAtld-Oldt
2656 OldI-Atld
2668 Err2-Tv-01d2
2664 01df2*Tv
2669 IF Ihm-0 THEN PRINT USING *4X,5(N=DO.UX)"%tld.Tld1,Tld21vTump
2672 IF Ihm-1 THEN PRINT USING "4X.S(ND.O.X)"Dtld.Td1Tld.Tv.Tsup.Tinlet
.Tpil@.Tout
2976 WAIT 2
2666 SOTO 2356
2694 END IF
2685 END IF
2692 END IF
269SI ERROR TA FOR Ido OUT OF BOUNDS
1760 IF Ido)2 THEN
2764 BEEP
2739 SOTO 2088
2712 END IF
27",1
27201 TAKE DATA IF Im-0 LOOP
2724 IF Ikol-I THEN 2737
27Z9 SEEP
2732 INPUT 'ENTER SULK OIL %".Bop
2736 liol-i
2737 FOR 1-1 TO ltc
2739 E(114
2739 Sup(D-6
27"6 NEXT I
2741 OUTPUT 7§9i"RST"
2742 FOR JI.I TO 20
2744 IF Itin- THEN OUTPUT 7369"CONFHEAS TElWT.GMSII.USE 9SM"
2745 IF lhlml THEN OUTPUT 709 iCONFNEAS TEWT .3"-305.U6E Be"
2743 IF Ihm46 THEN4 Ntco12
2712 FOR 1-1 TO mtc
2716 ENTER 766E(l)
2739SsI)SmI)EI
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Z776 IF 1-(S-Naub) TH4EN Etl(Jl-1).E(I)
Z777 IF 1'(10-Nub) THEN Et2(Ji-l)-E(I)
2m7 NEXT I
2780 NEXT Ji
Z764 Ikdl-9
2785 FOR 1-1 TO Ntc
2788 IF 1-(S-Nsub) OR 1-(M3-Nsub) THEN
2792 Eev*-Suq(lI)/Z0
2797 Sw',( I )-e
2798 ENO IF
236 IF 1-(S-Nsub) THEN
Z61 FOR Jk-0 TO 19
2364 IF MS(Etl(Jk)-Eave)<.) THEN
2601 Sum(I-Su.(I)Etl(Jk)
2912 ELSE
2816 Ktdl-kdl.)
Z817 END IF
Z8)9 NEXT Ak
2320 END IF
2622 IF I( )0-Naub) THEN
2323 FOR A-0 TO 19
2326 IF A9S(Et2CJ)-Ev)(.1 THEN
2826 Sun I )Suu I )*Et2( Jk)
2326 ELSE
269 kdl-Kdl4l
2630 END IF
2632 NEXT A~
2633 END IF
2@36 IF 1*(S-Naub) OR I-(I*-Nsub) THEN PRINT USING "4X."Kdl "- . v.O~ dI
2837 IF Kdl>lf THEN
2836 BEEP
2960 BEEP
2844 PRINT USING "4X.""Too much scattering in date repeat datisot
2649 SOTO 2004
2352 END IF
2166 Euf(D-Sum(I)/(2-Kd1)
Z364 NEXT I
266 IF 11w,-) THEN
2672 Sum(l)-o
26 OUJTPUT 7091.CNWIEAS TEMPT.3Z*.USE 160"
2664 FOR Kk-I TO 20
2666 ENTER 709,ECgk)
2692 IuAM-lSuvM()E(Kkl
2696 NEXT Kk
2300 Emf(7)-ASS( Suin( 1/20
2901 END IF
2969 IF thm0 THEN
2309 FOR 1-1 TO 2
29)0 Su.(D)0
211 NEXT I
291Z OUTPUT 79"RST"
2313 FOR .71 TO 5
HIS1 OUTPUT 76,"CONFIIEAS OC.12-513.USE Sn6"
2915 FOR 1-1 TO Z
2920 ENTER 76E(I)
2936 5SMI )-Sup( I ) 4EI1
2937 NEXT I
2940 NEXT Ji
2941 FOR 1-1 TO 2
2344 IF 1-1 THEN Yr-Iw,(I)/G
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2949 IF 1-2 THEN Ir-Su (I)(I.9IUZ/5
2952 NEXT I
ZSS6 END IF
2960 ELSE
2964 IF Itmq-0 THEN ENTER IF11 eBop.ToldE (*).VrIr
Z968 IF Ihm-1 THEN ENTER GF1e*2sBopTold.Eq(*).Fms
297Z END IF
29769
21901 CONVERT epf'S TO TERP,VOLT,CURRENT
2984 Tuw-O
298 FOR 1-1 TO Ntc
2992 IF Idtc>i0 THEN
2996 IF I-Ldtcl OR I-LccZ THEN
3W0 T(I)-0
39e4 SOTO 3044
3908 END IF
301Z END IF
3016 IF Itt(4 AND It.0 THEN
3020 IF 1>4 AM 1(9 THEN
3024 T()-f
3028 SOTO 3644
3032 ENO IF
3036 END IF
3040 T(I)-Emf(I)
3044 NEXT 1
3049 IF ltt4 THEN
3052 FOR I- TO 4
366 IF I-Lctcl OR I-Ldtc2 THEN
3M60 Two-Two
3064 ELSE
3168 Twm-TuarT(l)
3072 END IF
3076 NEXT I
366 Tu-Tu/(4-Idtc)
3664 ELSE
3069 IF Ih.-) THEN 3129
3092 FOR 1-1 TO S
3096 IF I-Ldtcl OR I-Ldtc2 THEN
310 Two-Two
3104 ELSE
310 Two-TimTf1)
3112 END IF
3119 NEXT I
3120 Tw-Twa/(-Idtc)
3124 END IF
3128 Tld-T(9-Noub)
313Z TIdZ-T( 90-Nsub)
3136 Tldm-(Tld#TldZ)*.S
3146 Tv-T(lI-Nsub)
316 Tauv.T(12-Naub)
310 IF Ihm-0 THEN 3176
318 Tiniet-T(13-Noub)
3172 Tout-T( 14-Noub)
3176 IF Ihm4 THEN
3199 fapU(r)
3194 VoIltMAS(Vr)aZS
3109 Q-Volteftp

312 END IF
3196 IF Itt-f AND It, u- THEN
3290 Ecu-Mau(T)
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3Z*4 ELSE
3208 Kcu*IKcum(Ilt)
3212 END) IF
3Z I1
32201 FOURIER CONDUCTION EQUATION WITH CONTACT RESISTANCE NEGLECTED
3224 IF Ihw.O0 THEN TwuTu-QILOS(D2/OI )/(ZOPIOKcuOL)
3229 IF Ilqv.0 THEN Tsat.Tldm
3232 IF Ilqv-i THEN Test-(Tlda+Tv)*.5
3236 IF llqv-2 THEN Test-Tv
3244 IF Ihm-l THEN
3248 TavgTtnlIt
3252 Gro-.37.9053+.104368. Tavg
3256 Tdrop-ASS(Eef(7))e).E+6/( lOoGrad)
3258 Tavgc.Tinlet-Tdrope .S
3264 IF RISC Tavg-Tavgc)>.OI THEN
3268 Yavg(Twvg+Tavgc)*.5
3272 SOTO 3252
3276 END IF
3Z901
3Z841 COMPUTE WATER PROPERUES
3269 IF Ihpm-t THEN
3292 Kw-FN~uTwvgl
3296 Muww-FNNM( Tsvg)
3300 CpwuFCpw( Tavg
3304 PrwuFN~w(Tavg)
3306 how-FNhow( Tovg)
3312 TwulTavg
33151
33201 Coput. MOT
33Z4 Ygdo-3.SSS57E-)4+Fms..l3.S)9156-3-Fm..( 9. 62060-6-Fm..( I. 23686E-7-Fmse4. 31697
E-10)))
3329) ftdot-Pdot.( I.0365-Tlnleto( 1.9664E-3-Ttnlot*S.252E-6))/1.0037
3332 Kdt4
3336 Q-Mot*CpwoTdrop

3344 Uo-Q/(PI*o*L*Lvqdl
3346 Am-OooL0S( 0.101)/(2. OKeul
3312 TopTeai+FrvLwd
3356 Yu-dt/(fthmaPI.0iZ/4)
3360 Rur-RlwwVi/Muu
3354 Hi.CIOK/O1*.3*Prwu(1/3.0(jw./FN~uw(Twi))^.14
3368 Twic-Twg-O/( PI*Do*L*HI
3372 IF ABS(Twi-Twlc)).fl THEN
3376 Twt.(Twi+Twtc)O.S
3360 SOTO 3354
3364 END IF
3336 Twi.(TmI4TMIclo.5
3392 NO-I/C 1/Ua-Do/(Oi*Hi )-Rw)
336 END IF
3397 END IF
3399 IF Ihm-I THEN
360 ThAt-Q/( NPI# o*L)
3404 Tw-TsatsThtm
3M0 ELSE
340B Th.9tab7-Test
3411 END IF
3413 If Theleb(f THEN
3416 KfF
3420 INPUT *TWILL(TAT (00.CONTINUE, I-ENO),Iev
3424 IF Iev-0 THEN SOTO 29M6
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34Z8 IF Iov..l THEN 383Z
3432 END IF
344,!
3444! COMPUTE VARIOUS PROPERTIES
3452 Tf11n-(Tw+aT%*t)*.5
3456 Rho-FNRhc(Tf lIst
3469 Mu4N~ft(Tf1Iiq)
3464 K.FNS(Tflm)
3468 Cp-FNCp(Tfilst)
3472 het-FN~eta(Tf lIs)
3476 Hfg-FN~fg( T%*t)
3460 WNi-u/Rh
3464 Alpha-K/1RoCp)
349 PrNI/Almhe
3492 Peat .Ftf at( Tsat)
3496!
3166! COMPUTE NATURAL-CONVECTIVE HEAT-TRANSFER COEFFICIENT
35"1! FOR UNENHAMCED END(S)
3666 Wbarl9@
3512 F*.(Ibar*P/(Kcti.A))'.S*Lu
3515 TaishFNMmi( F)
3120 ThetaoThtabTatth/Fe
3624 Xxwst 1.11 *Baoi*Thtvb4o 3*Twh/( F@9NieAlphs) .166667
3526 Yy(1(.569/Pr)^(9/16))(6/27)
3132 Nbarc.K/Ooo( .I4.307*Kx/Yy)^Z
3536 IF A0S((H a-!tarc)/Hbmrc)>.*f1 THEN

31 ber.( Hba*Nbwc)' .
3144 800 3612
3546 END IF
35S2I
3561 COMPUTE HEAT LOSS RATE THROUGH4 INENHANCED END(S)
366 Oi-(Nba'PKcu'A)'.6ThtabTih
3164 0c--Z01
3666 ACwPICOCL
31721
3S65 COMPUTE ACTUAL HEAT FLUX AND BOILING COESFICIENT
366 Qdp-c/f
3664 Htub.o-Qf/Theab
3666 Caf-(CpOThatub/W~g)/(Odp/(Riue*g)e( .914/(S. 81 *Rho).5W( 1/3. )&Pr^ 1.7)
3662!
356! ECORD TIME OF DATA TAKING
366 IF lame THEN
3654 OUTPUT 70§oTIEATE'
366 ENTER 709iTaid
3612 ENID IF
36161
3620! OUTPUT DATA TO PRINTER
3524 PRINTER IS 701
3626 IF Iwo* THEM
3532 PRINT
3635 PRINT USING -IOX.-lata Sol Wiabor -".OODZ.N.8jk Oil Z * "..D,6X.1
4AseJ.@p.TIRE6( Told)
3646 IF lhw*- THEN
3644 PRINT USING "1K."TC No: I z 3 4 5 6 7

8 ...
3646 PRINT USING "1*X*"T :".6(lX.ND.DDTI.T).T3.T(4)Th).TIS.T(
7),T(6)
36 PRINT USING5 16X." Two Maid TllqdZ Tvapr Poat Touvp..
3866 PRINT USING "10X.2(NDO.OO,IX) ,tXI6.0.X.,( IX.NDD.OOI .?X~.otrTw.Tld.T
Z. tvP*Mt, Ta
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3660 PRINT USING -16X.-" Ttwtab Htube Odip..

3664 PRINT USING -I0X.MO0.30*IXHZ.30E.1X.M2.3OEmIThtb,Htube.Qdp
3668 ELSE
3672 PRINT USING "lOX."" Fos. V,. Teat Tini Tdrop Thotub q U0

Ho..."
3676 PRINT USING "I0X.4(20.O0.IX).Z.30.IX.OC.0O,1X.3(l12.30E.1X)"gFma.Vu.Teo.t TI
nlet.Tdrop.Thetab,Odp.U*.Ho
3680 END IF
3684 END IF
368 IF lov-i THEN
3692 IF J-I THEN
3696 PRINT
3760 IF Itm-0 THEN
37M PRINT USING "lOX,--" RUN No 011% Tsat Htube Qdp Thetab"""
3706 ELSE
3712 PRINT USING "lOX."" FMtS OIL% TIAT HTU13E OP THETAB"""
3716 END IF
3720 END IF
3724 IF Ihm-0 THEN
3726 PRINT USING -1ZX.30.4XOO.ZXMOD. D.3( IX.MZ.3E),iJ.SopTet.Htube.OdpThe

3732 ELSE
3736 PRINT USING 12ZX,30.4X,X,.DD.MXI34 IX.NIZ.30E)'iFus.op,Tsut ,Htube.Qdp.T

3740 END IF
3744 END IF
3746 IF In.-* THEN
3752 eEEP
3756 INPUT "OK TO STORE THIS ORTA SET (1-Y.04N)?".Ok
1756 END IF
3764 IF Ok-I OR In-I THEN J-J+l
3766 IF Ok-I AND In-# THEN
3772 IF Ihu.0 THEN OUTPUT @FiI91 ,Bop.Told.Em(*),Vr.Ir
3776 IF Ihm-1 THEN OUTPUT @FilesBop.Told.Emf(9).Fm*
3730 END IF
3734 IF Iuf-I THEN OUTPUT gWftleVw.Uo
3766 IF Ire-I THEN OUTPUT IMefil;Fns.Row
3792 IF (be-I OR Ok-I) AND lplotl1 THEN OUTPUT VlotgOQuThetab
3796 IF Im-4 THEN

304 INPUT 'WILL THERE UE ANOTHER RJN (I.Y.0-N)?.6on
3366 ftun-J
3612 IF Go@e-O THEN 3632
361 IF Soo.n0 THEN Repeat
3620 ELSE
3624 IF J(frun4I THEN Repeat
3626 END IF
363Z IF Im-9 THEN
3636 BE
3646 PRINT USING *I*X.""NOTE. ".Z2*" date runs were stored in file "IRs-
I .O2..ftles
3644 ASSIGN GFil.1 TO*
3646 OUTPUT $Fle~u~kun-I
3612 ASSIUN WIle, TO D1if .
3656 ENTER SF11s~t*Ldtcl .LdtcZItt

366OUTPUT UFileZsDt.Ldtcl.Ldtcl,Itt
366-4 FOR 1-1 TO ffiuen-I
3666 IF flm-O THEN
367! ENTER UFa 1e1sp. TeId.Emf(*).Yr. Ir
3676 OUTPpT 8U11eZsb.Tld,1f(().Yw.Ir
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3960 ELSE
3684 ENTER 0F1IeItBop.TodEmf(*)*Fqs
3666 OUTPUT @i~xeZiBop.ToldEmf(9),Fms
369Z END IF
3696 NEXT I
3900 ASSISN Ofilel TO*
3984 PURGE "DUWY"
3988 END IF
3912 DEEP
3916 PRINT
3920 IF IplottI THEN PRINT USING "Ift.-NOTE: "'.ZZ. ** X-Y pairs were stared in
plot data file . uJIPi S
3924 ASSIGN Wtle2 TO
3929 ASSIGN @Plot TO.
3932 IF Iuf-I THEN ASS.IN Mleii TO
3936 IF Ire-I THEN ASSIGN fRefl l TO*
3940 CALL Stats
3944 DEEP
3946 INPUT "LIKE TO PLOT DATA (1-Y.0-N)?".Ok
3952 IF Ok-I THEN CALL Plot
3956 SUDEND
39601
39641 CURVE FITS OF PROPERTY FUNCTIONS
3366 OEF FNKcia(T)
39721 OFHC COPPER 250 TO 300 K
3976 Th-T+273.15 IC TO K
398 K-434-.IIZ*Tk
3964 RETURN K
39119 FNEND
392 DEF FN~u(T)
39961 170 TO 360 K CURVE FIT OF VISCOUSITY
4088 Th-T*Z73.IS IC TO K
4004 Mu-EP( -4.46364(1611 .47/Tk I I. .1-3
4000 RETURN Hu
4012 FNEND
"IS DEF FNCpIT)

40201 I88 TO 4IS K CURVE FIT OF Cp
4924 Tk-T.273.IS IC TO K
4026 Cp..4019941.65607-3eTk4I.51494E-6eTk2Z-6.67653E-I0.Tk'3
4032 Cp-Cpf I88M
6036 RETUR C;
4048 FNEND
444 DEF FNRN.(T)
4846 Tk.T#273.15 I C TO K
44162 X-1-41.9*Tk/7S3.US) IK TO R
406 RO.3461.14414X(1/3)16.41 8IeXI7.476838.X.541.1I9626sX2Z
4888 Ro-No/.0624Z6
4864 RTURN Ro
4066 FN515
4872 DEF FNPr(T)
4076 Pr-FNp(T)eFNIf(T)/F(T)
44400 ETURN Pr
4004 FIEND
408 DEF FNK( T)
46021 T(301 K WITH T IN C
4886 K-.q71- .0002619T
4180 RETURN K
4184 FNEND
4100 DE! FNTatA(X)
4M1 P-E)U X)
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4116 Q- I/P
4120 Tenh-(P-Q)/(P4Q)
4124 RETURN Tanh
4129 FNENO
4139!
4184 DEF FNBta(T)
4198 Rop.FNmio( T+.I)
4192 Ron-FNRho(T-.1)
4196 Beta-2Z/(Rop+Rom)*(Rop-Ro~q)/.2
4200 RETURN Beta
4204 FNEND
4206 DEF FNNg( T)
4Z12 Hfg-1.3741344E+5-TO(3.3094361E*24T91.2165143)
4216 RETURN Mfg
4220 FNENO
4224 ClEF FU~emt(Tc)
42291 0 TO 90 dog F CURYE FIT OF Pont
4Z32 Tf-i.9*Tc43Z
4236 Pa-S.1455254Tf0( . 1S352BB4Tf.C l.4940963E-34Tf*..616067E-6))
4240 Pg-Pa--14.7
4244 IF Pg)B THEN I +-PSI.-.in No
4246 Pet-Pg
4252 ELSE
4256 Psat-Pge29.SZ/l4.7
42GB END IF
4264 RETURN Past
4268 FNENO
4272 ClEF FNWe'ooth(X.Bop.Isit)
4276 DIN A(S),B(S).C(5).D(S)
428 DATA ZO206.ZS3ZZ..319049,.SS322..79909.1.ft2SB
4204 DATA .74S15..712992, .73189. .71225..6847Z..64197
4289 DATA .41B92.l7726..ZS142..4SB60.91.1.B84S
4292 DATA .714B3,.72913..72565..696691..665867..6189
4296 READ Ao.~)CeDe
4300 IF Bop<6 THEN I-Sop
4304 IF Saop- THEN 1-4
4308 IF Bop-1B THEN I-S
4312 IF lost-I THEN
4316 H.-EXP(A(I)+B(I)GL06(X))
4320 ELSE
4324 He-E)( CCI 414W LOGI ))
4329 END IF
4332 RETURN Hs
4336 FNEND
4340 ClEF F~oly(X)
4344 COMl /Cply/ A(I1010) .C( IOBS(S) .Nop.lprnt.Opo.Ilog,lfn,Ijoin.Njoin
4349 Xi-X
4352 Poly-S(G)
43S6 FOR I-i TO Nop
4360 IF Ilogrl THEN N1-L06(X)
4364 Poly-Poly4B( I )#XN1
4366 NEXT I
4372 IF Ilog-1 THEN Poly-EXP(Poly)
4376 RETURN Poly
4390 FNEND
4384 SUB Poly
4360 DIM R(l0).S(IB).Sy(I).S(12).o(IB).Yy(IBB)
4392 COMl /Cply/ A(I.lB).C(10).U(5),NIprntOpo.Iiog.Ifn,~lui,Njoln
4396 CO"l /Xxyy/ Xp(ZS).Yp(ZS)
4406 FOR 1-0 TO 4
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4464 B8 1 )"

4408 NEXT 1
4412 BEEP
4416 INPUT "SELECT (41-FILE.I,-KEYBOAR. 2,PROGRRfM)t-Iim
44,0 InIt4I
4424 BEEP
4428 INPUT "ENTER NUNER OF X-Y PAIRS" .hip
4432 IF I"I THEN
4436 BEEP
444" INPUT "ENTER DATA FILE NANqE".D ±fle
4444 BEEP
4448 INPUT "LIKE TO EXCLUDE DATA PAIRS (I-Y,9-N)7" .Ied
4462 IF led-I THEN

446 DEEP
4488 INPUT 'ENTER NUMBER OF PAIRS TO BE EXCLUED".Ipex
4464 END IF
4468 ASSIGN Wile TO DOflies
4472 ELSE
4476 EEP
44S INPUT 'IWAT TO CREATE A DATA FILE (I-Yf-H)7'.Ys
4464 IF Yes-I THEN
4489 DEEP
4492 INPUT 'GIVE A NAME FOR DATA FILE"..f il.e
4496 CREATE OAT Dfile.5
46@9 ASSIGN Wile TO D jl*
4504 ENO IF
4599 END IF
451Z DEEP

4516 INPUT "ENTER THE ORDER OF POLYNOIAL".N
4620 FOR I-0 TO N12
4524 Sy(I)f,,
4526 Sx(l)@
4532 NEXT I
4536 IF ls-I AND Iui-! THEN
4540 FOR I1- TO Ipex
4544 ENTER FtIleX.Y
4548 NEXT I
4552 END IF
456 FOR 1-1 TO Np

45586 IF I"-I THEN
4564 IF Opa-? THEN ENTER *FieiX.Y
4568 IF Opo(2 THEN ENTER OFIioY.X
4572 IF Opo-I THEN Y-Y/X
45? IF Iloogl THEN
4S6 IF Opo-Z THEN Xt-X/Y
464 X-LOG(X)
4568 IF Opo-Z THEN Y-LO6(Xt)
4592 IF Opo<2 THEN Y-LOS(Y)
4696 END IF
4600 END IF
4604 IF I1-Z THEN
4688 DEEP
4612 INPUT "ENTER NEXT X-T PAIR".X.Y
4616 IF Yes-I THEN OUTPUT IFIloiX.Y
4620 END IF
4624 IF Wrn(3 THEN
4626 Xx(l)-X
4632 Yy(I)-Y
4636 ELSE
464 X-Xp(1-1)
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4644 Y-Yp(I-)
4648 END IF
465Z R(O)-Y
466 Sy(8)=Sy(0)4Y
4660 S-i )-X
4664 Sx(I).Sx(I)4X
4668 FOR J-1 TO N
4672 R(J)-R(J-I )X
4676 Sy(J)-Sy(J)+R(J)
4680 NEXT J
4684 FOR J-Z TO N*Z
4698 S(J)-S(J-I)*X
469Z Sx(J)-Sx(J)+S(J)

4696 NEXT J
4700 NEXT I
4704 IF Yes-I AND Im-Z THEN
4708 BEEP
4712 PRINT USING "12X. ,*"" X-Y pairs were stored in file "".1"WiNp.Ofilet
4716 END IF
4720 S ()=Np
4724 FOR 1-0 TO N
47Z8 C(I)-Sy(I)
4732 FOR J-0 TO N
4736 A(I.,J)-Sx(I+J)
4740 NEXT J
4744 NEXT I
4748 FOR 1-0 TO N-1
475Z CALL Olvide(i)
4756 CALL Subtract(1+1)
4760 NEXT I
4764 B(N)-C(N)/A(NN
4768 FOR 1-0 TO N-I
4772 0N-I-I)-C(N-I-I)
4776 FOR J-0 TO I4780 B(N- I-I )-B(N- I-I i-A( N.-I-I .N-J)s9( N-J)

4794 NEXT J
4799 BiN- I-I )-9( N- 1-I )/A(N- I-I .N- l-I )

4792 NEXT I
4796 IPRINTER IS 701
4960 IPRINT B(o)
4604 IPRINTER IS 706
4606 IF Iprnt-0 THEN
491Z PRINT USING "I2X,-EXPONENT COEFFICIENT"""
4616 FOR 1-0 TO N
4820 PRINT USING "1SX.O.SX..70E",B(I)
4824 NEXT I
4826 PRINT " -
4832 PRINT USING "12X."OATA POINT X Y Y(CALCULATED) DISCR
EPANCY"..
4936 FOR 1-1 TO Np
4940 Yc-8(0)
4944 FOR J-1 TO N
4948 Yc-Yc+B(J)eXx( ! )'J
49S2 NEXT J
4-6 OYyt I )-Yc
4660 PRINT USING "ISX.30.4X.4(O.6[E.IX),I .Xx(I).Yy(I).YcO
4964 NEXT I
4968 END IF
4872 ASSIGN Wile TO *
4976 SUIENO
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4890 SUe Oivide(M)
4684 CON /Cply/ A(I0~lI0[C(l0).8(5).N.IprntOpo.Zlag.Ifn.Zjoin.Njoln
4888 FOR I-M TO N
4892 Ro-ACI.N)
4896 FOR JNM TO N
4900 A(I,J)-A(I.J)/Ao
4904 NEXT J
4908 C(I)-CCI)/Ao
4912 NEXT I
4916 SUSENO
4920 SUB Subtract(X)
4924 CON ICp!y' A(l0.10).C(10),B(5),N.Iprnt.Opo.Illg,lfn.Ijoin.Njoin
4928 FOR I-K TO N
4932 FOR J-K-l TO N
4936 A(I,J)-A(K-1,J)-A(I.J)
4940 NEXT J
4944 C(I)-C(K-1)-C(I)
4949 NEXT 1
4952 SUSENO
49S6 SUB Plin
4960 CON /Cply/ A( 010.t) .C( 1@),9(),N.1prnt.Opo.Ilog.Ifn.IjolnNjoin
4964 CON /Xxyy/ Xx(ZS),Yy(25)
4968 PRINTER IS 705
4972 BEEP
4976 INPUT 'WANT TO PLOT Uo vs Vii? ( I-Y.9-N)", luo
4980 IF IuoO0 THEN
4984 BEE"
4998 INPUT "SELECT (41h/hfZ %se tubs.-h(HF)/h(sm)",Itt
4992 BEEP
4996 INPUT "SELECT h/ti RATIO (1-FILE.0-COMPUTEO)".Ihrat
906 IF Ihrmt-f THEN
5SO4 BEEP
500 INPUT "WHICH Tat (16.7.04-2.Z)".Iset
561Z END IF
S816 Xmin..0

9024 Xiep-2
S628 IF Irt- THEN
932 Vuln0
036 Yma-1.4
9040 Yetop-.
S044 ELSE
S048 Yain-S,
S052 Ymax-15
9066 Yt~iy5
90OW END If
5064 ELSE
906n opo.2
5672 Yo1n-0
S@76 Vowe-hZ
106 Ystep-3
5664 Xionn
S669 Xnex.4

9066 END IF
5100 IF Ihrat-l THEN
SIN4 Yauin..
s160 Vines-le
S112 Ytp3
5116 Nino
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5120 Xiex-9
5124 Xstep"2
1128 END IF
5132 BEEP
5136 PRINT "IN;SPIIIP 2300,Z200,8300.68000s"
5140 PRINT "SC *.100.0.I00;TL Z.Ot"
5144 Sfx-100/(XNtx-Xnln)
1148 sfy100o/tYmaeuyRn)
SISZ PRINT "PU 0.0 PD*"
156 FOR XeXin TO Xpax STEP Xatep
5150 X-(Xa-Xnin)*Sfx
5164 PRINT "PA"sX.".Ss XTi"
1168 NEXT Xs
5172 PRINT "PA 1.0,SPU,"
5176 PRINT "PU PA 0,0 PO*
5190 FOR Ye-Ymin TO Ypiax STEP Yetep
184 Y-(Y.-Yoin)-Sfy
5108 PRINT "PA O."%Y,"YT"
5192 NEXT Ye
1196 PRINT "PA 9.100 TL 0 2"
9200 FOR Xa.Xoqln TO Xmax STEP Xstep
5204 X.(Xa-Xiuln)oSfx
5208 PRINT "PA"sX." *100% XT"*
5212 NEXT Xe
5216 PRINT "PA 1001006 PU PA 100.0 PD"
5220 FOR YU-Ymin TO Ymax STEP Ystop
SZ24 Y.( Ye-Yoqln)*Sfy
5228 PRINT "PD PA 100,",Y,"*YT*'
5232 NEXT Ye
5236 PRINT "PA 100.100 PU"
5240 PRINT "PA *.-Z SR I.5.2"
5244 FOR Xa-Xmin TO Xmax STEP Xstep
5249 X-( a- Xmin)*Sfx
S52 PRINT "*PA"iX.**0,t"
5256 IF 1uo-4 THEN PRINT "CP -2,-IiL8"sXao""
5260 IF luo-I THEN PRINT "CP-IS-s"Xe"
5264 N6XT Xe
SZGS PRINT "PU PA 0,0"
5272 FOR YoeYm1n TO YNUKx STEP Yetep
5276 IF ABS(Ye)Il.E-5 THEN Ym-G
5280 Y-(Yu-Yomln)9Sfy
1284 PRINT "PA ",V"
5298 IF Iuo-* THEN PRINT "CP -4*-.25;LB",Yeg""
S292 IF IualI TH4EN PRINT "CP -3.".2SLB"sYv.""
S296 NEXT Ye
S300 Xl.bel0*"Oi1 Percent"
S304 IF luo4G THEN
9369 IF Irt-S THEN
5312 YlmbelS."h/hfI"
5316 ELSE
53ZO Ylaehel."heooth"
1324 END IF
1328 PRINT "SR I.S,ZoPU PA SO.-IS CP";-LEN(XlebelO)/2."0;LB',XlebelS,'"
5332 PRINT "PA -11,SO CP 0."i-LEN(Ylmb@lS)/2.5/6i"OI *,laLB*".YlmbelS;""
5336 PRINT "CP 0,41"
5340 ELSE
1344 PRINT "SP0;5P2"*
5348 PRINT "SR 1.2.Z.4oPU PA -8.35S01 *.IiLUU.PR I.f.SoL9oqPR -1.0.9.19 (kUIpl

5352 PRINT "PR -l.G.SoSR I..S182iSR I.S,2;PR .5,.SLS.%PR .1,SLBI)"
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5356 PRINT "PA 42.-IOiDI I,iL8ViPR .4.-IiLBw;PR I..51LB(o/s)"

5360 PRINT "SPOiSPI"
5364 END IF
5368 Ipn-0
5372 BEEP
5376 INPUT "UANT TO PLOT DATA FROM A FILE (I-Y.f-N)?"Otp

5380 Icn-0
5384 IF Okp-i THEN
5388 BEEP
539Z INPUT "ENTER THE NAME OF THE DATA FILE" O.jileS

53961 IF Iuo-O THEN
5400 BEEP
5464 INPUT "SELECT (@LINEAR. I-LOG(X.Y)',Ilog
5408! END IF
5412 ASSIGN File TO D_files
6416 BEEP
S4Z0 INPUT "ENTER THE BEGINNING RUN NUMBER" ,Md
5424 BEEP
5429 INPUT "ENTER THE NUMBER OF X-Y PAIRS STORED".Npairs
5432 IF IuoO AND Ihrat-O THEN

5436 BEEP
5440 INPUT "ENTER DESIRED HEAT FLUX".Q
S444 END IF
5449 BEEP
5452 PRINTER IS I

S456 PRINT USING 4X,""Select a symbol'"""
5460 PRINT USING "4K""l Star 2 Plus sign"""

5464 PRINT USING "4X."3 Circle 4 Square'*""
5468 PRINT USING "4X,""5 Ro bua"""
5472 PRINT USING "4X.""6 Right-ide-up triangle""'
5476 PRINT USING "4*"X,"7 Up-side-don triangle"""

5480 INPUT Syto
S484 PRINTER IS 705
5488 PRINT "PU D1"
5492 IF Sym-l THEN PRINT "SN"
5496 IF Sy"-Z THEN PRINT "SM4"
55W IF Syn3 THEN PRINT "SMo"
SS04 Mn-4
SSW IF Ilo-1 THEN Wn-1
SSIZ IF Rd) THEN
5516 FOR 1-1 TO (Md-1)
SSZO ENTER UFileoXaYa
5524 NEXT I
SS2 END IF
S532 IF Ihrat,- THEN
S536 Ql-Q
554 IF heg-i THEN Q-LDS(Q)
S-44 END IF
548 FOR 1-1 TO Nipairs
SSZ IF Iuo-O AN Ihrt-0 THEN

SS56 ENTER IFIleoXa.B(e)
566 Ye(O)
SS64 FOR K-I TO tn
5568 Ya-Ye+4(K)9Q^K
S72 NEXT K

5576 END IF
550 IF Iuo-1 OR Ihrat-I THEN
SS4 ENTER @FllesXeaY

S589 IF luolI THEN Y,,Ya/IOS
5592 END IF
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5599 If IuoO ANO Ihrmit THEN
5601 IF Ilog-l THEN Ym-EXP( Ye)
564 IF Iiog-0 THEN Y@-QlIYs
S609 IF Irl-0 TH4EN
5612 IF XaeO THEN
5616 Yo-Ya
W62 YaI1

5624 ELSE
5128 Y-Ya/Yo
S63Z END IF
5636 ELSE
5640 Heu-FNHeovooth( Q.X.I.t)
5644 Ye-Ye/He,
S648 END IF
S652 END IF
5656 Xxd-I)-Xe
566 Yy(I-1)-Ya
5664 X-C Xa-Xipin)*Sfx
5669 Y(Yea-Y,,in)*Sfy
567Z IF Syms)3 THEN PRINT "SM"
S676 IF Sym<4 THEN PRINT "SR 1.4.2.4"
5601 PRINT -PA" .X.Y.--
5684 IF Syim>3 THEN PRINT "SR 1.2.1.6"
5686 IF Sym-4 THEN PRINT "UCZ,4,99,0.-6 -400 S,40.
5692 IF Sym-5 THEN PRINT "UC3.*,99.-3,-6.-3.6.3.6,3.-6,_
5696 IF Sypt-6 THEN PRINT U053I3-S-.3, 1
5700 IF Sym-7 THEN PRINT "UC*-.3,99*-3*S.6.@.-3,-6i"
6704 NEXT I
5701 BEEP
5712 ASSIGN Wile TO0
5716 END IF
5720 PRINT "PU SM"
5724 SEEP
572 INPUT "UANT TO PLOT A POLYNOf1IAL (1-Y,0-NI7",Okp
5732 IF Okp-1 THEN
5736 BEEP
5740 PRINTER IS I
S744 PRINT USING "4X."9elect 11gw type.,'-
5748 PRINT USING -SX,-" Solid line...
5752 PRINT USING "SX,"" I Dehad"".
5756 PRINT USING -5X,."2 .. S5 Longer line - dash...
S76 IPUT Ipn
5764 PRINTER IS 701
579 BEEP
5772 INPUT "SELECT (*4LINEAR.1-LO(X.Y))",Ilog
S776 Iprnt-I
5780 CALL Poly
S764 IF Iuo-1 THEN
5796 SEEP
5712 INPUT "DESIRE TO SET X Lower and Upper Limtit (1-Y,0N)?".Ixlim
S716 IF Ixl1m THEN
5600 X11-9
564 Xul-7
50O" END IF
5512 IF lxliml- THEN
15816 SEEP
5520 INPUT "ENTER X Lower Ltil" .Xll
5024 SEEP
UIZO INPUT "ENTER X Upper Limit" .Xul
5832 END IF
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S636 END IF
S840 FOR Xs-XlI TO Xul STEP Xep/25
S944 Icn-Icn4I
S848 Ye-FNPoly( Xs)
5852 IF Iuo-I THEN Ya-Ym/106
5856 YC(Ya-Ywln)oSfy
5869 X.( Xa-Xpmln)oSfx
5064 IF Y<0 THEN Y-0
566O IF Y>I00 THEN SOTO 59S6
5872 Pu-e
S875 IF Ipn-1 THEN Idf-lcn ISOD 2
5990 IF lpn-Z THEN Idf-Icn INOD 4
5S64 IF Ipn-3 THEN Idf-lcn MOD 9
5868 IF lpn-4 THEN Idf-lcn MlOD 16
5992 IF 1pn-S THEN ldf-lcn Pl00 32
5996 IF Idf..I THEN Pu-I
5966 IF Pu*0 THEN PRINT "PA" ,X.Y,"PO"
5364 IF Pu.) THEN PRINT "PA" *X.Y.*PU"
5906 NEXT Xa
5912 PRINT 'PU"
S916 SOTO 5372
5920 EN4D IF
5124 SEEP
5928J IPUT "WANT TO QUIT (I-Y.OoN)7" .Iquvt
693Z IF Iquli- THEN 5946
5936 SOTO S372
S940 PRINT "PU SPO"
5944 SUSENO
5940 SUS Stats
5962 PRINTER IS 701
5156 J-0
5966 9-0
5164 SEEP
5966 IF Iplot-1 THEN ASSIGN VFi1e TO Pjitlo$
5972 SEEP
5175 INPUT -LOST RUN ko7(0-QUIT)" ,knv
996 IF Nn.0 THEN 6124
S964 Nn-Un-3
S1111 Sx-0
5192 SY.4
5196 Sz-0

6664 Sys-0
9w Sze-b
6012 FOR 1-1 TO Mn
MSIS J-J+1
086 ENTER 6VilegQ.T
5524 H-Q/T
5625 sx.S*49
5532 Sxs-Sn.+0^2
6036 SY-SY4T
646 Sys.Sy4T^?

0ow SzaSz4N
6646 Sts.Szs+H*
5552 NEXT I
66M Gave-Sa Nn
3660 Tevosy/Nn
9614 Have-Su INn
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6076 Sdevh-SQR(A95S((NneSzs-Sz"2)/(Nno(Nn-I))l)
6SON Sh 106. Sdevh/Have
6064 Sq. I0@SdevqlQomvo
6088 St406.Sdevt/Tmve
6092 IF IC-1 THEN 6116
6096 PRINT
6106 PRINT USING "IIX,-"DATA FILE..%14A';Fil*6
5104 PRINT
6108 PRINT USING "IIX.""RUN Htube SdovH Qdp SdevQ Thetab SdevT-'

6112 X-i
6116 PRINT USING "IIXDC,2(ZX.D.3OE,lX,3O.2O).2X.DO.3D.IX,3O.Z0"gJHaveSh.Qave
.Sca,Teve.St
6120 SOTO 5972
6124 ASSIGN lFilel TO*
6128 PRINTER IS 1
6132 SUBENO
6136 SUB Coaf
5140 CON lCplyl A(I0.10),C(I1E*9(S).,NIprnt.Opo.tiag.Ifn.Ijoln.Njoln
61"4 BEEP
6149 INPUT "GIVE A NAME FOR CROSS-PLOT FILE' .CpfO
6152 CREATE BOAT Cpf$.2
6116 ASSIGN W~ile TO Cpf$
6160 BEEP
6164 INPUT "SELECT (&-LINEAR,1-L06(X.YI )" ,Ilo
6168 BEEP
6172 INPUT 'ENTER OIL PERCENT (-1STOP)".Bop
6175 IF hop(0 THEN 6192
51b* CALL Poly
6184 OUTPUT GFIl~oBepB(*)
6199 SOTO 6159
6192 ASSIGN #File TO*
6196 SUBENO
620 SUB WilsonCCf.CII
6204 CON /Pdil/ D2.Di.Do.L.Lu.Kcu
5206 DIN4 EmfC I?)
6212 WLISON PLOT SUBROUTINE DETERMINE CF ND CI
1216 BEEP
6220 INPUT "ENTER DATA FILE NAME" FileS
6224 BEEP
BUZS PRINTER IS I
1132 PRINT USING "4X"'Sleat option:.."
1236 PRINT USING "4X."" 0 Very Cf and C1 ...
3140 PRINT USING, -4X.-- I Fix C1 Very Ci ...
6Z44 PRINT USING '",-" Z Very Cf Fix CSl...
6243 INPUT "ENTER OPTION.Icf ix
6262 PRINTER IS 701
1268 IF lef ix- THEN 3272
S66 IF Ioflu)I1 THEN BEEP
SZ64 IF IcflulI THEN INPUT "ENTER Cf".Cof
6266 IF Icfix-Z THEN INPUT "ENTER CI".Ci
1272 PRINTER IS 1
6271 INPUT "Went To Very CosFf?( 1-v,f4N)" .Ieooef
SIN6 IF Ieaomf"I THEN INPUJT "ENTER COEFF" .R
6264 PRINTER IS 761
6233 IF lefixa OR Ioliu-Z THEN Cfa-.614
6232 IF 11fx-1 THEN Cfa"Cef
6236 Cim-Ci
616 Xin-.0
SX Fr-.3
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6300 Jj -0
6312 Rr-3.
6316 IF Iccoef-I THEN Rr-R
6320 PRINTER IS 1
6324 PRINT Do.O1.Kcu
6328 ASSIGN SFi1e TO File$
6332 ENTER GF±1..Nrun.Dt.Ldtcl ,Ldtc2.Itt
6336 RaaDo*LO(0o/Oi)/(Z*Kcu)
6340 Su-0
6344 Sy-O
6346 Sxy-O
6352 S%2Z-0
63S6 Sy2-0
630 FOR 1-1 TO Nrun
6364 ENTER SFIl.,Bop.TIMES(Told).Eif(e)Fms
63681 CONVERT EF' S TO TEMPERATURE
6372 FOR J1I TO 5
6376 T( .7)-FNTvsv( Enf(J.))
63e0 NEXT J7
6304 Toet-(T()T2Z))*.
6366 TavU-T(S)
6392 6rsd-37.2953t. 1G4398*T~vg
6396 Tdrop-E*((7).t .E+61 14.96red)
6460 Tavgc-T( 5)-Tdropo .5
646 IF ASS(TavU-Tavgc)>.*1 THEN
6406 Tuvg-( TavgTavgc), .5
6412 6010 6392
6416 END) IF
64201
64Z41 Compute propertiles of water
6428 Kw-Fw( Toyg)
6432 IhuwaFN~uw( Tavg)
6436 CpwuFUCpw( Tavg)
6440 Prw-F~ru( Tavgl
6444 RhoqiFNIhw( Tnvg)

64521 Copute properties of Freon- 114
6416 Lmtd-Tdrop/LO6( (t)-lat)I (7(1)-Tdrop-Tast))
6460 IF JjaG THEN
6464 Tw-Yeat4freLatd
G46 Thot .b.Tw-Toat
6472 Jj-t
6476 END IF
6460 Tf-(T#Teti)eS
6464 RhooFNho( Tf)
6463 fNu-FNW( Tf)
649Z K-FK(Tf)
6436 CpofNCP4 Tf)

1660 WstmFN64t( T#

612 Alphm.KAMMOCp)
5616 Proki/Alphe
66201
16Z41 Anslysis
16239 COMPUTE HOOT
1632 A-Plo1Z-Di1Z /4
6636 "1900D
664 Ntl3.16673SFmaot3.1SlSE-3-F..e( 3.326 6-Fueo I .23SS6-7-Fueo4. 31397
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6544 Q-ldotoCpWaTdrop
69461 COIMPUTE NATURAL-CO4VECTIVE HEAT-TRANSFER COEFFICIENT
65521 FOR UNENHANCED END(S)
6556 Hbur-190
6S68 Fem(Hbar*PI(Kcu*A)) .S*Lu
6564 Tunh-FNTenh( Fe)
6569 Thsta-Thotmb*Tenh/F&
6572 Xx-(9.UI'Beta.Thetab.Oo'3Tanh/(Fe.NI'Alpha))^.166667

6568 Hbsrc-KIOo*( .64.3B7*Xx/Yy)^2
6584 IF ASS((Hbwr-Hbarc)/Hbaui).Gfl THEN
6586 Hber( Hbmr+Nbarc)' .5
6592 SOTO 656
6596 END IF
66001
6604) COMPUTE HEAT LOSS RATE THROUGH UNENHANCEO ENDS
666 01l(HbarePKcueA) .SeThetaboTanh
6612 Qc-Q-2*01
6616 As-PI.O2*L
66201 COMPUTE ACTUAL HEAT FLUX
6624 Odp-Qc/Au
6629 IF Icfix-O OR Icflxl THEN Csf-I/Cf^(l.IRr)
8632 Thwim-Cf/CpHfge(OdpI~ueHfg).(84(.I.4,).)(Ir.r.
6636 No-Od/Thtab
6" OmAK-Ho/Cf
6544 Uo-Q/(PI*o*aL*Luqtd)
6646 Vu-Ndot/(Fdho.vP*12I4)
6652 Reu~hogVwD1Nuue
6656 TMi*T+QRu/(PI*Do*L)
668 6apm-K/DIeRow'.UoPr^( 1/3. )oCMuwe/FNNuw(Twi ) . 14
66649 PRINTER 15 1
666s Ywi.( 1. luo-Ra) sDme
6672 X,,pOmW.Oo/( SuaOi)
6676 Sx-Sx4Xw
6680 sry4yo
6664 Sxy-Sxy4Yw*X
6698 Sx2*Sx2Xwg*Xw
662 Sy2o*S2YaeYu

6696 NEXT 1
670 ASSIGN @Fil* TO.
6714 10- Sx*Sy-lkuvto~1y)/(SueSrWrn.8u?)
6709 C-(SY-Sx*M)/Nrun
6712 If Icflu OR 0I cfix3 OR Icfix-4 THEN
6716 Cdc-I/N
6728 CfeI/1C
6724 END IF
6726 IF lefix.I THEN
6732 Ctc-l/K
5736 Cf c-Cf
674" END IF
6744 IF Icfix-Z THEN
6748 Ctc-Cs
M71 Cfc-l/C

6716 END IF
6M3 IF A@S((Cl-Csc)/Csc)>.GG1 Oft AN((Cf-Cfc)/Cfc)>.38I THEN
5764 CI*(CI+Cic)*.6
676 Cf*(Cf*Cfc)*.6
5772 PRINTR is I
577 PRINT USING "ZX."" Cof - ."Z.3E.2x." Ci **,NZ.30EiCsf.Ci

578PRINTER IS 701
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6794 SOTO 6329
5789 END IF
6792 PRINT
6716 PRINTER IS 701
6806 PRINT USING "2Z3X."" CfC""
6964 PRINT USING "9N,"-ASSNEO *-'."Z.30E.3X.HZ.3OEvCfs.Ci&
5698 PRINT USING "UN.--CALCULATED -""Z.3OE.3X.HZ.3OEiCs,fCl
6112 PRINT
6916 SUmZ.SYZ-201 Sxy-2C@Sy+**M2@x242@UlCOSx4NrunOC'2
6920 PRINT USING "I@N.""Sum of Squaes - .. .Z.30E"iSum2
6824 PRINT USING "ISN.""Coefflclent - "".O.O00"sRr
69Z9 SUSEND
6932 0EV FNflwu(T)
6936 A-247.8/(T4133. IS)
6940 hu-Z.4E-SO10^A
6844 ETURN Mu
6849 FNENO
6852 0EV FNCpu( TI
6856 Cpea4.21126S-Te(.62E-3-T.4.4236E542.714Z9E-7@T))
6858 RETURN Cpw' 106
6964 FNENO
668 0EF FN~howe(T)
6872 Ro-gg9.129464T'C .01261-T.CS.482513E-3-Tol.234147E-S))
6976 RETURN Ro
6880 FNEND
6894 0EV Ft~ri( T)
689 Pr-FN~pw( T)*FN~uw(T)/FNKuC T)
6992 RETURN Pru
B816 FNENO
6166 0EF FUS~uCT)
696 N-C T+273. 15)/273.IS
6166 Ku--.922474)C(.2.39S-NOC1.8667-X.(.5S77-.f7344oN)))
612 RETURN Kw
6916 FNEIN)
6120 SUB3 Plot
1124 COMl /Cply/ AC 0. 10).C( 6).9(5) .Nop.Ipfnt.Opo.IlogIfn.IjolnNjaln
6128 0I" 8.(3)
6132 INTEER It
6136 PRINTER IS 1
6140 Idv.0
6144 BEEP
6148 INPUT 'LIKE DFAULT VALUES FOR PLOT 41-Y,6N)?" Idv
6652 Opo a
0866 EEP
196 PRINT USING -4X.-Sloci Option,"""
6664 PRI NT USING -OX.--* q versus delis-T"...
868 PRINT USING 'SX.""1 h versus dalts-T .
8372 PRI6% USING -"UN,2 h versus q...
687 INPUT Gpo,
69ft WEP
ft84 INPUT "SELECT UNITS (C0-S1.1-NLISN)".Iun
USE PRINTER IS 75
1892 IF Idv~l THEN
1816 KEP
7666 INUT 'ENTER NUISUR OF CYCLES FOR N-AXIS" .Cit
7664 IEEP
766 114UT "ENTER NMBIER OF CYCLES FOR Y-AXIS" .Cy
7912 KIP
7616 INPUT *ENTER MIN K-VALUE (MULTIPLE OF 30)" .Xunn
70Z0 KEP

197



7024 IPUT "ENTER NIN Y-VALUE (MULTIPLE OF 1@)",Ymtn
7028 ELSE
7032 IF Opo-G THEN
7036 Cy-3
7040 Cx=3
7044 Xmln-.1
7048 Ymin- 10
7052 END IF
7066 IF Opo-l THEN

7060 Cy-?
7064 Cx-Z
7068 Xn,,,. 1
70.7 Yiln-100
7076 END IF
7080 IF Opo-2 THEN
701 IF lun-e THEN

7004 Cy-3
788 Cx-2
*70Z XR,1"-I
7096 Yoxn-40I
7097 ELSE
7098 Cy-3
7099 Cx-3
7100 Xalrn- 10
7101 YoIn-0l

7102 END IF
7104 END IF
7105 END IF

7109 BEEP
7112 PRINT "IN;SPItIP 23Gzzfe,830.8 ,60u"
7116 PRINT "SC *.l00.O~l00iTL 2.0;"
7120 Sfx-lee/Cm
7124 SfyISO/Cy
7120 BEEP
7132 INPUT "WANT TO BY-PASS CASE? (,.Y.-N)".Ibyp

7136 IF Ibyp-1 THEN 763Z
7140 PRINT "PU 0.0 PO"
7144 Nn-9
7149 FOR 1-1 TO Cx4l
71SZ Xot-Xmln* O(I-I)
71SS IF I-Cx4I THEN Nn-l

7160 FOR J-1 TO Nn
7164 IF J-1 THEN PRINT "TL 2 0"
7130 IF J-2 THEN PRINT 'TL I 0"
7172 XolXat•J
7176 X-LGT(Xa/Xnin)4Sfx
710 PRINT "PA"sX.O0 XTv"
7104 NEXT J
710e NEXT I
7192 PRINT "PA 10 ,OPo"
7196 PRINT "PU PA 0.O PW
W/OO Nn..S

7204 FOR 1I TO Cy.,
WOO0 Yet-Yu'ine "(I-l)
7Z IF I-Cy41 THEN Nm-l
7216 FOR J1,, TO Nkn
7220 IF J-I THEN PRINT 'TL 2 6"
7224 IF J-Z THEN PRINT "TL 1 0
7228 YII -YtoJ
7232 Y-LT( Ys/Yiln)oSfy
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7236 PRINT "PA '."iY."YT"
724 NEXT J
7244 NEXT I

7246 PRINT "PA 0.6e TL 6 2"
7212 Nn-9
7ZS6 FOR 1-1 TO Cx+I
7260 Xet"Xmlnelc(I-I)
7264 IF I-Cx+l THEN Nn-I
7268 FOR J-1 TO Nn
7272 IF J-I THEN PRINT "TL Z"
7276 IF J)1 THEN PRINT "TL 6 I"
7266 Xo-Xat.J
7284 X-L6T(XJXuln)oSfx
726 PRINT "PA"IX.".1861 XT"
7292 NEXT J
7296 NEXT I
7366 PRINT "PA 186.186 PU PA IO.0 PD"
7304 kn-9
7308 FOR I-I TO Cy+I
7312 YatYmnte (I-I)
7316 IF I-Cy+) THEN kn-I
7326 FOR J-1 TO Nn
7324 IF J-1 THEN PRINT "TL 6 Z"
7326 IF J)t THEN PRINT "TL 6 1"
7332 Ye-yetoJ
7336 Y-L6T( Yf/Ynn)eSfy
7346 PRINT "P0 PA I8.".Y."YT"
7344 NEXT J
7348 NEXT I
735Z PRINT -PA 109.190 PU"
7356 PRINT "PA 9.-2 SR 1.5.2"
7360 I1LGT(Xiln)
7364 FOR 1-1 TO Cx4l
7366 Xa-Xsttlt*lo(I-I )
7372 X-LGT(Xf/Xnln)*Sfu
7376 PRINT "Pws",x. "7306 IF It)-* THEN PRINT "CP -2.-2oL9I6,PR -2.2,LFiIil""
7304 IF I1(0 THEN PRINT "CP -2.-ZLBI9#PR 6.ZLB"iIi""
738 11I4!
7392 NEXT I
7396 PRINT "PU PA 0.0"
7406 Ii-LST(Ymln)
7404 YW19
7406 FOR 1-1 TO Cy4l
7412 Y-YUiVne I-(I-I)
7416 Y.U6T( Ye/Yman?*Sfy
74Z PRINT "PA 0,"aY,
7424 PRINT -CP -4,-.ZSLBIOPR -Z.ZoLB";llil"
74Z6 ImIt.I
7432 NEXT I
7436 RE.P
7440 INPUT *WST USE DEFAULT LASELS (I-Y.6.N)?".Id1
7444 IF IdI<> THEN
7448 EEP
74SZ INPUT "ENTER X-LRIEL" .X16boi
7416 KEP
740 INPUT ENTER Y-LAKL".YifeIS
7464 END IF
7406 IF Opo(z THEN
747Z PRINT "R I,ZSPU PR 40"141"
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7476 PRINT "LB(TiPR -1.6.3 PO PR 1.2.0 PUiPR .S,-41LB~woiPR .5,11"
746 PRINT *L9-TPR S,.-ljLBsatsPR .5.11"
7484 IF Iun-0 THEN
7488 PRINT "LB) (K)"
7492 ELSE
7496 PRINT "LI) (F)"
7566 END IF
7164 END IF
7S6 IF Opo-Z THEN
7S12 IF Iun-0 THEN
7516 PRINT "SR I.5.2,PU PA 40.-141L~q (W/rmaSR l*I.SiPR *.S.1,LB21SR l.S.2,PR
6.5.-I, LU)
7520 ELSE
7524 PRINT "SR 1.5.21PU PA 34,-l41L~q (Btu/hriPR .S,.SiLB.iPR S5,-.Si"
7528 PRINT "LWAt;R .IlSR l.l.SsLBZiSR I.S.ZPR .S.-IsLSW~
7532 END IF
7536 END IF
7S40 IF Opo-9 THEN
75S4 IF Iun-0 THEN
7548 PRINT "SR 1.S*2sPU PA -12,40101 *.liLSq (U/I;PR -I1..5SR 1I.5SLB2tSR I
.5.2,PR l..SLBI"
7552 ELSE
756 PRINT 'SR l.S.ZsPU PA -12,32101 *.lsL~q (Stu/hriPR -.S..5;LB.IPR S5..Sl"
7516 PRINT "L~ftiSR I1.SwPR -1..5,LBZ#PR 1,..SSR I.5.2uLB)"
7564 END IF
7568 END IF
7572 IF Opo)O THEN
7576 IF Iuv-0 THEN
75901 PRINT 'SR 1.5.21PU PA -12.36,01 *.IsL~h (W/moPR -l..SoSR 1.).SiLB2SR 1.
S.,PN .5,.1s
7S64 PRINT -SR I.?.2.4%PU PA -12 ,37%OI *AljL~hsPR 1.0.5%0~o^P "V0,*.9L (U/M

7569 PRINT -PR -t*.SoSR l.l.SsLB2sSR l.S,ZaPR ...5LB.IPR .5,OILB1)"
7562 ELSE
7586 PRINT "SR I.5.2aPU PA -12.28,01 *.lsL~h (Btu/hriPR -.S..5;LI.lPR S5..Se"
760 PRINT "LmftPR -l..SjSR t.1.5,LBZiSR 1.5.ZuPR .S..SjLB.iPR .5..SuLBV)"
764 END IF
766 END IF
7612 IF Idl-0 THEN
7616 PRINT "SR i.5,2uPU PA SO.-16 CP',-LEN(Xlabelg)/2,"0,LB",Nlabol6,""
7620 PRINT -PA -14.16 CP *."s-LEN(YlabelS)/Z*S/U."0I 9,11LB"oYlabolS.""
7524 PRINT -CP 0.0 DI"
7626 END IF
7632 Ipn-0
7336 XII-1.E+6
7646 Xul--l.E#6
7544 Icn-f
7546 If n-0
7152 Ijoln-t
766 BEEP
766 INPUT 'VANT TO PLOT DATA FROM A FILE (I-Y0-N)?",Ok
7554 IF O-I THEN
766 BEEP
7372 INPUT "ENTER THE NAM OF THE DATA FILE".DjloS
7373 ASSIGN PFile TO D1 1106s
766 BEEP
764 BEEP
7559 INPUT "ENTER THE ESINNING MIN NIJEER-" Nd
7332 BEEP
7666 INPUT "ENTER THE NUER OF X-Y PAIRS STORD' ,Npirs
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7701 BEEP
7704' INPUT -CONNECT DATA WJITH LINE (1-Y."N)7 .Icl
7708 SEEP
7712 PRINTER IS 1
7716 PRINT USING "4X,'"Seevt a symbol:"'"
7120 PRINT USING "6X. 1.. Star Z Plus sign"
7724 PRINT USING "SX.""3 Circle 4 Square""
7728 PRINT USING -GX ""5 Rambu"""
7732 PRINT USING "6X.""6 Right-side-up triangle""
7736 PRINT USING -SX,*""7 Up-sido-down triangle""
7746 INPUT Sym
7744 PRINTER IS 705
7748 PRINT "PU 01"
7752 IF Syiq.l THEN PRINT " SN'
7756 IF Sypt-Z THEN PRINT "S?14"
7760 IF Sypt3 THEN PRINT *S~o"
7764 IF Nd)l THEN
7766 FOR 1-I TO (Nd-I)
7172 ENTER Otum, as~af
7776 NEXT I
770 END IF
7784 FOR 1-1 TO Npairo
7798 ENTER VIeI VaY&Xo
7792 IF 1-1 THEN 91-Ya
7796 IF I-Npairs THEN 02-Ye
7606 IF OpoI1 THEN Va-Ye/Xa
7664 IF Opo-Z THEN
76M6 O-Ya
7812 Va-Ya/Xa
7616 Xa.0
7670 END IF
7624 IF Xa(Xll THEN Xll-Xa
7628 IF Xa)Xul THEN Xul-X&
7632 IF lunI1 THEN
7636 IF Opo(2 THEN Xa-Xa*l.B
7646 IF Opo)0 THEN Yo-VY..1761
7644 IF Opo-0 THEN Ya-Ya.317

7646 IF Opo-2 THEN Xa-XaEl.317
7362 END IF
7656 X-LGT( Xf/Xmin)*SfK
79M0 Y-L6T( Ya/Yin)9Sfy
7664 KJ-4
7666 CALL Syumb(X.Y.Syn.Icl.Ki)
7172 SOTO 7924
737 IF Syv03 THEN PRINT "SN"
739 If Sy.%<4 THEN PRINT "SR 1.4.2.4'
7364 IF IcI.0 THEN
7916 PRIT P"1.,
7692 ELKE
7396 PRINT -Pf" ,X.Y."PD"
719 END If
7W6 IF Syvt>3 THEN PRINT 'Sit I.Z.I.S"
7909 IF Syao-4 THEN PRINT "ICZ4,U9.-.-.4f..0.4.f6,
7912 If Sym.5 THEN PRINT 'UC3..9,-3.-4.-3.U,3,S.3.-6,"
7116 IF Symu6 THEN PRINT "C...S3-.S636
79M0 IF 5yw7 THEN PRINT "C...936603-;
7124 NEXT I
7123 PRINT "PV"
7132 SEEP
7936 IWU6T *"UT TO LEL? 4IV64)1
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7940 IF Ilab-I THEN
7944 PRINT "SPOSPZ"

7948 BEEP
7952 IF Klob-0 THEN
7956 Xlab-5
7960 Ylmb-85
7964 INPUT "ENTER INITIRL X.Y LOCRTIONS" Xiab.Ylab
7968 Xtt-Xlab-5
7972 Ytt-Ylab+8
7976 PRINT "SR 1.1.5"
7980 PRINT "SMjPR".Xtt.Ytt,"LB Z Heat File"
7984 Ytt-Ytt-3
7998 PRINT -PR".Xtt.Ytt."LB Oil Flux Name"

799Z IF Sym-1 THEN PRINT "SM*"
7996 IF SyH-Z THEN PRINT "SM+"
9M IF Syp'3 THEN PRINT "Slo"
9864 Klmb-I
8608 END IF
8012 KJ-I
9616 CALL Syvb(Xlab.Ylb.Syv.Icl.Kj)
8O26 PRINT -SR I.l.SN"
8624 '.F Sym(4 THEN PRINT "PR 2.0"
0628 BEEP
832 INPUT "ENTER BOP".Bop
8036 IF op<Ie THEN PRINT "PR 2.6iLB"oBopi;..
804. IF Bop>9 THEN PRINT "PR .S.sLB"sBops""
8044 Ihf-O
8648 IF Q1)>Z THEN Ihf-I
8Z IF Ihf-f THEN PRINT "PR 4,OsLBInc"
8G66 IF Ihf-1 THEN PRINT "PR 4,6oLBOec"
96 PRINT "PR 2.OsLB"Df tie$."

64 PRINT "SPe;SPIoSR I.S.2"
e6 Ylmb-Ylab-5

8072 END IF
8676 BEEP
8606 ASSIGN iFile TO
864 XlI-XlI/1.2
8808 Xul-Xule!.2
8621 SOTO 8640
8866 END IF
8106 PRINT "PU SM"
6104 BEEP
616 INPUT "WIANT TO PLOT A POLYNOMIAL (t-Y.ON)7 .6o.on
6112 IF Go_on-1 THEN
6116 BEEP
@12 PRINTER IS I
8IZ4 PRINT USING "4X.-"Select line type:""
9128 PRINT USING "SX."O Solid lie""
8132 PRINT USING "SX." Dished""
0136 PRINT USING "6X."Z ... S Longer line - dash""
0140 INPUT Ipn
6144 PRINTER Ii 706
6148 BEEP
61SZ INPUT "SELECT (O-LIN.1-LO(X.Y))",IIa
91S6 IPrnt-I
3166 CALL Poly
6164 IF Ifn-0 THEN
3166 BEEP
6172 INPUT 'ENTER NMER OF FILES TO ,OIN",Njoin
9176 END IF
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8184 IF Ifn(kjoin THEN Ijoln-I
8188 IF Ufn-0 OR Xjoin-l THEN
8192 FOR Ij-(D TO 3
8ales l )B( j)4(I
8280 NEXT Ij
8204 !fn-Ifnl
9208 END IF
8212 IF Njonlfn THEN
8215 FOR Ij-0 TO 3
820 I3-s(~)Nh~
8224 8.(Ij)-O
9228 NEXT 11
8232 IfnwS
9236 ELSE
8240 60TO 7566
8244 END IF
3248 BEEP
82S2 INPUDT "ENTER Y LOWJER AND UPPER LIMITS" *Yll.Yul
8256 FOR Xx-O TO CK STEP CxIZft
8260 X&*Xnel@^Xx
3284 IF Xm(X11 OR X*)Xul THEN 8372
9268 Icn-Icn4I
6272 Pu-0
8276 IF 1pn-i THEN 181-len MOD 2
090 IF 1pn-2 THEN ldf-Icn MOO 4
8284 IF 1pww3 THEN ldf-len MOD 8
88 IF Ipvw4 THEN Idf-1cn MOD i6

8292 IF Ipn-S THEN Idf-Icn MOD 28
3296 IF Idf-l THEN Pu-I
8300 IF Opa-0 THEN Y-F~eoly(Xa)
8304 IF 0po-2 ANM hog-0 THEN Ya.Xa/FWoly(Xa)
830 IF Opo-Z AND Ilog-) THEN Ya-FWoly( Xa)
0312 IF Opol THEN Ya-FNoIy(Xa)
9316 IF Y&<Yntn THEN 8372
3320 IF Ym(Y1I OR Ya)Yul THEN 8372
8324 IF Iun-I THEN
8328 IF Opo(2 THEN Xo-XaoI.8
8332 IF Opo)3 THEN Ye-Yet.1761
8336 IF Opo..6 THEN Y...Yet.317
3340 IF Op.-Z THEN Xw.'Xuo.317
34 END If
8348 Y-LGT( Ya/Yln)*Sfy
835? X-LGT( XaIXpun)*Sfx
6356 IF Y<O THEN Y-*
6360 IF Y>100 THEN 60TO 337Z
3364 IF Pu-0 THEN PRINT 'PA".X.Y."PD"
6368 IF PuI1 THEN PRINT 'PA"*X.V,"PU"
8372 NEXT Xx
3376 PRINT "PU"
830 SOTO 7656
934 END IF
3308 BEEP
32 INPUT "ANT TO PLOT REILLY'S ORTA? (Y~1II
6336 IF Opof OR Opa-l THEN
1400 X1I-3
6404 Xul-20
6416 ENO IF
34)2 IF 9po-Z THEN
6416 XII-1M
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6420 Xu1IW000
8424 END IF
8429 IF Irly-1 THEN
8432 Vil-ZlO
9436 Yul-70
9440 DEEP
8444 INPUT "ENTER LOWER AND UPPER Y-LINITS FOR PLOTTIN6".Yl1.Yul
8448 FOR Xx-9 TO Cx STEP Cai/Z0
8462 Xa-X~ln*10Xx
8456 IF X*<XII OR Xa>Xwl THEN 8500
83460 X1-LOro(Xa)
6464 IF Opo-0 THEN Y1--2.5402837E-)4Xl.(4.97Z@151-XI.,2.St3478?E-1)
9468 IF Gpo-1 THEN Yl.-2Z.5402837E-14X1.(3.9720151-Xl.Z.513477E-I)
8472 IF Opa-Z THEN Y1.-3.70)73801E'I4Xl.(8.726919DE-I"X1'6.8826842E-3)
8476 Y.-EXP(YI)
9480 Y-LT(Y/Yoiwn)vSfv
8484 )C-16T( XaIXoqirn)*fx
68 Ipu-0

9492 IF Y(Y11 THEN Ipul1
3496 IF Y>'tuI THEN 60TO B90
6500 IF lpuO* THEN PRINT "PA",X)(,Y, P"P
G64 IF Ipij-1 THEN PRINT "PA" *X * V,"PU"
6506 NEXT Xx
8512 PRINT "PU"
8516 END If
8520 BEEP
3524 INPUT "WANT To PLOT ROMSENOU CORRLATION? C l-Y.IP-N)",Irohe
8S28 IF Irohs-) THEN
8532 YII-15
8536 Yul-9
8540 BEEP
864 INPUT "ENTER Tsai (Dog C)"JuTat
8548 CoI-.004
352 BEEP
8566 IPUT "ENTER Cof (DEF-0.84)",Col
8560 TfITsmt42
8664 FOR XxOf TO Cx STEP Cx/2OO
6569 XoeXminontOXx
857Z IF X&<Xll OR Xa)XuI THEN 8994
8S6 XI-LCG(Xa)
930 IF Opo(2 THEN Tf-Tset+Xa/2
94 Ro-FN~ho( Tf)

8566 IC-FNICTf)
6532 Nu.F~mu(Tf)
8996 Cp-FMCPl TI)
GM6 W4g-fm4Ig( Test)I
680 Nt*Nu/Rho
866 Pi.-coo~a/x
61 Omeg.CCoHIU/Cp.((.014/(9.Slo*do)).S/(a.*Hfg))CtI.I3)ePrI.7
616 IF Opo-O THEN Yma(X*/Oumo)*3
3620 IF Opo-I THEN Ya-(X/On@Wi)'3/Xa
624 IF Opo-Z THEN YoXa*(2./3)/Omoga
626 if Opa.Z ImEN
6632 Tfce*s*Xa/Ya*.9
6636 If ANSCTI-llc)>.*l THEN
0640 Tf.(T#*Tfc)*.5
64 OTO 6594
6648 END IF
665 END IF
66 V-L6T(Ys/Vmv)GSfy
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9660 'AL6T(X*/Xln)*Sfx
tob"4 Ipu"0
6168 IF Y<Y11 THEN Ipu*1
3672 IF Y>Yul THEN 6684
9676 IF Ipu-0 THEN PRINT "PA" .X.Y.'PD'
8683 IF Ipu-I THEN PRINT "*PA.X.Y."PU"
9684 NEXT Xii
6688 PRINT "PU"
8692 END IF
9696 SEEP
e790 INPUT "WANT TO QUIT (1-Y.@-N)".Iqt
8704 IF Iqtl1 THEN 9712
VU0 SOTO 7636
9712 PRI#~t "PU PA 0.0 SPO"
6716 SUSEND
8720 SUB Syib(X,.YS,Ic1.gl)
9724 IF Sym>)3 THEN PRINT "SH'
3729 IF Sym(4 THEN PRINT "SR 1.4.2.4"
9732 Yed-O
5736 IF Kj-i THEN Yind-.8
8743 IF 1cl-0 THEN
8744 PRINT "PA" *X,Y4Y@,d."
3748 ELSE
3752 PRINT -PA *X,Y*Yad."PO"'
8756 END IF
3760 IF Symt>3 THEN PRINT "SR 1.2.1.6"
8764 IF Syw.4 THEN PRINT "UC2.4.S90.-8."4.0.G.6.4.0,"
3768 IF Sym-S THEN PRINT "UC3,G.99.-3,-6.-3,6.3.6.3.-5;"
877 IF Syu.6 THEN PRINT "UCGS.3.S993.-S.-6.0,3.9i"
3776 IF Syto-7 THEN PRINT UO-.393,6@-38;
87eG IF Kj-I THEN PRINT "S~iPR0..6
8784 SUBEND
8798 SUB Purg
672 SEEP
9796 INPUT "ENTER FILE NANME TO SE DELETED'.Ftle
38m PURGE File$
9664 60TO 3792
396N SMEND
3112 SUB Tdcn
3316 CON /Cc/ C(7),Ical
3320 GIN Emtf( I)
924 DATA #.1WS669 I.257Z7.14369.-767345.BZ95.783255U5.91
6329 DATA -92474M699,6. 9768KE+I I.-Z. 661 SZE+ I3.3.94076E4 14
3832 MEAD Ct.9)
3636 UEEP
9W4 INPUT 91VE A WOE FOR FILE TO BE CREATED" File$
364 BEEP
6649 INPUT "SELECT fUE (6-II,t-F-W.T)" .Itt
6112 BEEP
3OS6 INPUT "SELECT THEMOOLE TYPE (f4NEV, 1-OLD)" ,Ial
366 IF Itt<Z THEN D-.4;27
SW6 CREATE 9DAT F1Io*,4
666 ASSIGN SWil. TO File$
3872 OUTPUT IFulegltt
3376 J-0
630 SEEP
331 OUTPUT 703i"TIEDATE"
333 ENTER 769,0*

M33PINTER isIS
336 PRiff
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6908 PRINT Month, date and time,: -a DATE$(Dt).TIMES(Dt)
3912 PRINT
9916 PRINT USING *10X,"" Fn Tin Tev Vwa2 Tdrop-"
9920 IF K-0 THEN
8924 PRINTER IS 701
8928 PRINT
9932 PRINT Month. date and time: 'iDATE*CDt).TIME*(Dt)
9936 IF Itt-0 THEN PRINT USING "ISX.""Tube Type: Wieland Smooth"""
9940 IF IlttI THEN PRINT USING "IOX,""Tube Type: High Flux"""
9944 IF Ilt-2 THEN PRINT USING "10X.""Tube Type: Turbo-1"""
9949 PRINT
9952 PRINT USING "O""Fgqg Tin Toy vw'Z Tdrop.."
9956 PRINTER ISI
9960 K-I
9964 END IF
9969 BEEP
9972 INPUT 'ENTER FLOWMETER READING" ,Fne
6976 OUTPUT 7090"AR AFG AL4 YRI"
890 FOR L-0 TO 4
3994 OUTPUT 7090AS SA'
999 IF 1>f AND L<4 THEN 9020

6992 S-0
6996 FOR 1-4 TO 9
1060 ENTER 79E
964 S-S+E
6008 NEXT 1
9012 IF L-0 THEN Em#(01A95(S/I)
6016 IF L-4 THEN Esif~l)-A9S(S/10)
MO2 NEXT L

96124 OUTPUT 79."AR AFZ@ AL20 VRI'*
6029 OUTPUT 769i"AS GA"
9032 Etp.O
9036 FOR 1-4 TO 9
964 ENTER 799 sEt
6044 Etp-Etp+Et
5049 NEXT I
605 Etp-Etp/I0
9056 Tin-FNTvsvCEwC 1))
6060 Tgv.FNTvav(Euf(*))
6064 Urw*-37.S3+. t04399Tin
64166 Rdot-3.2657E-34Fse( 3.6ISS5E-3-Fum..g S3206-6-Fnsot.( .3661E-7-Fnse4. 31997
E-I*))l
9172 Vw-Mdot/( I09**PIeDI' )*4
6076 Tdrop-Etpel .E46i( I96ad)
9411% PRIWV USING -10E.3tD.M,4X) . X.l.DV,4X.RZ.40" uFm.Tln.Tev .9,,.".Tdrop
906 BEEP
SO00 INPTf IMANT TO ACCEPT THIS DATA SET? (I-Y."-)'.Ok
60192 j-j41
90116 IF 0k40 THEN
31t" J*J-I
9104 GOTO Urn
$IN0 ELK
9112 OUTPUT Wiles Fv.Ef(9).Etp
1165 PRINTER is 701
3120 PRINT USING " 10.3(VW. O.4X). I X. Z. .4X.IIZ.40" s Fu.Tin, TovVw"2Tdrop
3124 PRINTER is I
site BEEP
0132 IPT 'VILL THERE SE ANTHER DATA SET? (1-Y.0mN?.6.n
fln IF 6.it-rI THEN 310
*I4" ie If
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9144 ASSIGN File TO *

9148 PRINTER IS 701
9152 PRINT
91568 PRINT USING "IOX."NOTE: "".ZZ."" data sets are stared in file ""1SA"eJ.F
110

9160 PRINTER IS I
9164 SUEND
9168 SUB Uoprt
9172 PRINTER IS I
9176 BEEP
9100 INPUT "Enter Uo File Name",FileS
9184 BEEP
9138 INPUT "Number of DOat Runs",Nrun
9192 INPUT "Do You Went a Plot File?(1-Y.6-N)",Iplot
9196 BEEP
9200 IF Iplot-1 THEN
9264 INPUT "Give Plot File Name".P Jile$
9268 CREATE BOAT P-fileS.4
9212 ASSIGN SPlot TO P-ileS
9216 END IF
SU*O PRINTER IS M1
9Z24 PRINT
92Z8 PRINT
9232 PRINT USING "lX.-" Mater Vol Us""

9236 ASSIGN F1le TO Files
924 IF Iplot-1 THEN ASSIGN IFilel TO Pfile$
9244 FOR 1-1 TO Nrun

9248 ENTER GFIIleVu.Uo
9ZSZ IF Iplot- THEN OUTPUT 9FilelsVu.Uo
9256 PRINT USING "ISX.O.OO.6XKZ.30E"gVu,Uo
9266 NEXT I
9264 ASSIGN IFile TO *
9268 ASSIGN 6Flesl TO 0

9272 PRINT USING "IOX."NOTE: "".ZZ,"" daeta sets ore stored in file "".ISA"INru
n,Fllo$

9276 IF Iplot-1 THEN
9290 PRINT USING "IOX,"NOTE: "".Z2."" X-Y Pairs are stored in file "".15A";Nru
n.P_flloe
9254 END IF
3236 PRINTER IS I
9292 SUBEND
9296 SUB Select
9366 CN /Idp/ Idp
9304 BEEP
9306 PRINTER IS I
3312 PRINT USING "4X,"Select option:""
9316 PRINT USING "X.-" 0 Taking data or re-procesing previous date."
3321 PRINT USING "UX.'" I Plotting dat ean Log-Log ..
9324 PRINT USING "5X." 2 Plotting data on Linear""
9320 PRINT USING "6X," 3 oke cross-plot coofft file"""
9332 PRINT USING "X," 4 Rle-cirulalte water"""
1336 PRINT USING "IX" S Purge""
9340 PRINT USING "X."" 6 T-Drop correction""
9344 PRINT USING "KX" 7 Print Us File""
34S PRINT USING "KX." I Hodify X-Y file""

9346 PRINT USING "X.-" I Move""
3347 PRINT USING -X.--i0 Comb/Fixup"""
3346 INPUT Idp
9362 If Id-4 THEN CALL Main
935 If IdP,1 THEN CALL Plot
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1360 IF Idp-Z THEN CALL Plin
9364 IF Idp-3 THEN CALL Coef
9368 IF Idp-4 THEN CALL Main
937Z IF Idp-S THEN CALL Purg
9376 IF Idp4 THEN CALL Tdcn
930 IF Idp 7 THEN CALL Uoprt
9381 IF Idp-8 THEN CALL Xym"
9382 IF Idp9 THEN CALL Move
9383 IF IdlS THEN CALL Comb
9385 SUSENO
9394 SUB Xymod
9434 PRINTER IS 1
944 EEP
9454 INPUT "ENTER FILE NAE".Fi1.8
9464 ASSIGN tSFlel TO File$
3474 EEP
9494 INPUT "ENTER NUER OF X-Y PAIRS".NP
9494 BEEP
9S54 INPUT "ENTER NEW FILE NAM"FileZS
9514 CREATE BAT F1128.5
3524 ASSIGN WFIle? TO File2t
9534 BEEP
9644 INPUT "ENTER NMBER OF X-Y PAIRS TO BE OELETED .Ndul
ISS4 IF Nde.l- THEN 1594
9SS64 FOR 1-1 TO Ndsl
SS74 BEEP
9164 IPUT "ENTER DATA SET NUMBER TO BE DELETED" ,ld(I)
9S94 NEXT I
9604 FOR J-1 TO N
9614 ENTER GFIIoIIX.Y
3124 FOR I-i TO Mel
1634 IF Wd(I)-J THEN 9674
944 NEXT I
9654 OUTPUT FI1eZoX,Y
SI64 PRINT J,X.Y
9674 NEXT J
96766 PRINTER IS 761
9164 ASSIIN OFil. TO *
9364 ASSIN SFt1Z TO 9
1764 SUENO
9714 SUB hove
37181 FILE NNEs NO1
3726Z~ DIR S. ).A(1),EU).CBl, IE)F(6I.).9 ),UI IK(65).L(

3736 DIN Told().W ).Vr(S),Ir(6)
9734 BEEP
9738 INPUT "OLD FILE TO MOK- ,DjleS
3742 ASSIUN FiloZ TO Whfils
9746 ENTER 6FIe2,~ufl.O.Ldtc1 .LStc2 Itt
1IM FOR 1-1 TO Nrun
374 ENTER SF1e2 pI),TuI(I)
37S ENTR I oZsII) I)C1,Di),ES)F),(I)H(),J(I)MK()L(1).HI)N
(1)

3752 ENTER 9F1ZleZVrfI).Ir(I)9766 NEXT I
9770 FISSIBN 9FtIeZ TO
M?4 BEEP

r771 INPUT 'SHIFT OISK AND HIT CONTINUE".Ok
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9796 INPUT "INPUT BOAT SIZE" Size
9790 CREATE BlOAT 02-31109,Size
9794 ASSI6N OFIlel TO 02311.9S
9799 OUTPUT 2FlleliNrun.Dt.Ldtcl..LdtcZ.Itt
990 FOR 1-1 TO Nrun
9906 OUTPUT GUIIe.1sp(I).Told(l)
9810 OUTPUT IO A()B)CC.OIE(.FI.()(IJ.cu.N.
N( I)
9914 OUTPUT llIglr(I).Ir(I)
919 NEXT I
9922 ASS1GN P11.1l TO*
98261 RENAN "TEST" TO 02311.,S
9830 BEEP 2069. .
9934 ICEP 4f99. .2
9939 ICEP 460..2
9642 PRINT "DATA FILE MWOV
9946 StUEND
9974 SUB Comb
91791 FILE NANE: COMS
98821
9366 01N EeifC12)
9990 IEEP
9694 INPUIT "OLD FILE TO FIXUP" ,02_f 116
9999 ASSIGN GP11.2 TO 02311.6*
9902 01-fi144-"TEST"
9966 CREATE BOAT 0I1f.0e.20
9910 ASSIGN GFilel TO 01311.9l
9914 ENTER 9FlleZvNruvm.Dt.Ldtcl,LdtcZ.It
9915, fir"wf2
9918 IF K-0 THEN OUTPUT §Fl1.lu~runn*t*Ldtcl,Ldtc2*Itt
9922 FOR 1-1 TO Wrun
9926 ENTER 6UlleZs~og.Tcld.E,#(9),Vr,Ir
9936 OUTPUT IFlI.Isap.Tod.Ef(9).Vr.Ir
9934 NEXT I
9939 ASSIGN IFAI9Z TO*
994ZI ENAME "TEST" TO OZ2311.0
9945 ICEP ZM..2
99SO KEP 4WD9. . 2
9154 KEP 449.2Z
99S9 KEP
9952 INPUT "WANT TO AD AOTHER FILE (I-Y.".)?".Oke
9956 IF 0ks-I THEN
917n K-1
9974 fliP
9979 INPUT "GIVE NEW FILE NE" .Wi 14
9992 ASSIGN P11.2 TO Nf 114
9996 6010 9114
9909 END IF

9994 ASSIGN GP1192 TO 9
9999 SIUKND
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